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EXECUTIVE SUMMARY

This report presents the results of Phase-I Remedial Investigations (RI) of the

Miscellaneous Areas Operable Unit (Misc AOU) at the Crab Orchard Wildlife Refuge near

Marion, Illinois. The Phase-I RI was authorized by Contract No. DACW45-92-D-7 and

conducted in compliance with Section 7.2 of the Federal Facilities Agreement (FFA). The

investigation was conducted in accordance with the Comprehensive Environmental

Response, Compensation, and Liability Act/Superfund Amendments and Reauthorization

Act (CERCLAISARA), and the National Contingency Plan (NCP). The FFA includes 23

sites in the Misc AOU; no investigations were required at eight of these sites. The Phase-I

RI included 15 Misc AOU sites and, one additional site, a post treating facility (Site 22A).

The objective of Phase-I Remedial Investigations was to gather the necessary chemical and

ecological data to evaluate the need for any additional investigations so that the potential

risk to human health and the environment could be evaluated.

Consistent with the Project Work Plans (USACE, 1993a, b, c & d), Phase-I activities for the

sites included the following:

preliminary site visits (consisting of visual examination) and a review of
previous investigation results at Sites 21, 27 and 35;

collection of 61 investigate samples (consisting of soil, sediment and
sludge) from 13 sites (Sites 7, 7A, 8, 9, 10, I 1, 1 1 A, 12, 14, 16, 20, 22A and
36); and

laboratory analyses of samples for Target Compound List (TCL) volatile
organic compounds, TCL sernivolatile organic compounds, TCL pesticides
and polychlorinated biplienols, explosives, dioxins/furans (only at Site 22A)
and Target Analyte List (TAL) inorganic parameters.

The major conclusions resulting from the Phase-I RI include the following:

Sites 21, 27 and 35 did not warrant site sampling investigations based on
previous investigative site history.

Samples from Sites 7A, 12 at-id 20 contained concentrations below
Preliminary Levels of Concern (PLCs) and/or Adjusted Preliminary Levels
of Concern (APLCs) for all analytes.

Golder Associates
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None of the samples from investigative sites had detectable concentrations
of TAL cyanide, and only one sample (Site 11A) had detectable
concentrations of the explosive compound TNT.

Samples from Sites 7, 8, 9, 11, 14, 16 and 36 had concentrations of TAL
metals at levels above their respective PLCs. At Sites 7,8, 9, 11, and 14, the
TAL metals which exceed PI-Cs are at levels near reported background
concentrations.

Samples from Sites 10, 14, 16, 22A and 36 had concentrations of select
organic compounds (TCL VOCs, TCL SVOCs, TCL pesticides/PCBs or
dioxins/furans) at levels above their respective PLCs/AIPLCs.

Soil samples from Site 11A had detectable concentrations of an explosive
compound (TNT) and a pesticide (heptachlor epoxide) for which
PLCs/APLCs were not established.

Recommendations resulting from the Phase-I RI include the following:

No additional investigations are recommended for Sites 7, 7A, 8, 9, 11, 11A,
12, 20, 21, 27 and 35.

Additional RI site studies (Phase-11) are warranted for Sites 10, 14, 16, 22A
and 36.

Golder Associates
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1.0 INTRODUCTION

This report presents the findings of Phase-I Remedial Investigations (RI) of the

Miscellaneous Areas Operable Unit (Misc AOU) at the Crab Orchard National Wildlife

Refuge (the Refuge) located near Marion, Illinois (Figure 1). The Phase-I RI was

conducted pursuant to the Federal Facility Agreement (FFA), dated September 13, 1991,

that was negotiated among the United States Environmental Protection Agency (EPA), the

Illinois Environmental Protection Agency (IEPA), the Department of the Interior (DOI),

and the Department of the Army (DA). The Phase-I RI was also conducted in compliance

with Section 7.2 of the FFA, in accordance with the Comprehensive Environmental

Response, Compensation, and Liability Act/Superfund Amendments and Reauthorization

Act (CERCLA/SARA), and in accordance with the National Contingency Plan (NCP).

The FFA requires that the DOI perform a RI of the Misc AOU. A scope of services was

prepared by the U.S. Army Corps of Engineers (USACE) as a basis for the Phase-1 Project

Work Plan (USACE, 1992). The Project Work Plans included the following:

Work Plan (USACE, 1993a)

Sampling and Analysis Plan (USACE, 1993b)

Health and Safety Plan (USACE, 1993c)

Quality Assurance Project Plan (USACE, 1993d)

The Project Work Plans were reviewed and approved by the EPA and the IEPA.

The FFA includes 23 sites in the Misc AOU: Sites 7, 7A, 8, 9, 10, 1 1, 1 1A, 12, 13, 14, 16, 18,

20, 21, 24, 25, 26, 27, 30, 31, 34, 35 and the wastewater treatment plant and downstream

areas (Site 36). The Misc AOU sites are listed in Table 1 and are shown on Figure 2.

The FFA does not mention the Post Treating Facility (designated Site 22A). The site is,

however, included in the Scope of Services provided to Montgomery Watson/Golder

Associates by the USACE/DOI (USACE, 1992), as part of the Misc AOU RI. The site

number (22A) was assigned, with prior approval from DOI, during preparation of the

Golder Associates
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Project Work Plans. The DOI will formally request that Site 22A be added to the Misc

AOU.

This report incorporates comments provided by the USEPA, IEPA, and the FWS on the

Draft Phase-I RI Report for the Misc AOU, dated August 24,1993 (USACE 1993e). A copy

of responses to Agency comments are provided in Appendix A for reference.

1.1 Phase-I Investigation Objectives and S�e

The objective of Phase-I Remedial Investigations was to gather the necessary chemical and

ecological data to evaluate the need for any additional investigations so that the potential

risk to human health, wildlife, and the environment could be evaluated at the following

areas:

Areas where it is believed that previous site operations resulted in releases
of chemicals to the ground. These areas are designated as Misc AOU Sites
7A, 1.2 and 22A. Portions of Misc AOU Sites 11A and 16 also contain areas
of potential chemical releases to the ground.

Sludge deposits in the primary lagoon and two ponds at Site 36.

Areas where contaminants may have been transported by surface runoff
from active and abandoned industrial facilities to nearby drainage ways
and streams. The drainage ways and streams are designated as Misc AOU
Sites 7, 8, 9, 10, 11, 14 and 20. Portions of Misc AOU Sites 1 1A, 16 and 36
also include drainage ways or streams. These drainage ways and streams
discharge to Crab Orchard Lake.

Consistent with the Project Work Plans (USACE, 1993a, b, c & d), Phase-I activities

included the following:

No further RI activities were required at Sites 13, 18 and 34.

Preliminary site visits, consisting of visual examination, at Sites 21, 227 and
35.

Collection of soil, sediment and sludge samples at 13 sites (Sites 7, 7A, 8,
9, 10, 11, 11A, 12,14, 16, 20, 22A and M).

Golder Associates
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Tile Project Work Plans required the collection and chemical analysis of 61 investigative

samples, including 48 soil samples, 8 sediment samples, 5 sludge samples, and all

additional number of Quality Assurance and Quality control (QA/QC) samples. During

the investigation, 62 investigative samples were actually collected. Tile analytical program

included the target compound list (TCL) volatile organic compounds (VOCs), TCL

semivolatile organic compounds (SVOCs), TCL pesticides and polychlorinated biphenyls

(PCBs); explosives; and, target analyte list (TAL) metals and cyanides. Samples from Site

22A were also analyzed for polychlorinated dibenzo-p-dioxins and polychlorinated

dibenzofurans (dioxins/furans). Table 2 summarizes, for each site, the sample collection

activities and required analyses. A Quality Control Summary Report of Phase-I analytical

results was issued by USACE (19930 in September 1993.

In the period since the Project Work Plans were prepared and approved, the U.S. Fish

and Wildlife Service (FWS) requested that Phase-I ecological assessments be conducted

at the sites investigated as part of the Phase-I RI (Sites 7, 7A, 8, 9, 1.0, 1 1, 1 1A, 12, 13, 14,

16, 18, 20, 21, 22A 27, 35 and 36), with the exception of Crab Orchard Lake (Site -34), to

provide additional data for a baseline risk assessment. The ecological assessments are

being performed in accordance with EPA Region V "Regional Guidance for Conducting

Ecological Assessments" (USEPA, undated) provided to the USACE by the EPA on April

6,1993. Preliminary ecological assessments have been completed and are described in the

"Preliminary Ecological Risk Assessment" Report (Volume 11 of 11).

1.2 Report Organization

The text of this Phase-I RI Report is divided into seven sections, including this

Introduction, Section 1.0. The remainder of Section 1.0 presents an overview of site

location and background, environmental milestones, site history and previous

investigations. The following describes the remaining sections and their contents:

Section 2.0 describes the methods and procedures used for the
investigation.

Section 3.0 describes the physical characteristics of the Refuge and sites.

Section 4.0 presents a summary of the Quality Control Summary Report

Golder Associates
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Section 5.0 presents the results of the Phase-I investigation and pertinent
results from other investigations.

Section 6.0 presents a discussion of the fate and transport of compounds
of concern.

Sect-ion 7.0 presents a summary of the results, conclusions, and preliminary
recommendations for Phase-11 work.

1.3 Site Location

The Refuge consists of 43,500 acres located in southern Illinois near the cities of Marion,

Carterville and Carbondale. The Refuge is located primarily within Williamson County

with portions extending into neighboring Jackson and Union Counties. The location and

boundaries of the Refuge are identified on Figure 1. All of the Misc AOU sites are located

in Williamson County. Site names and numbers are provided in Table 1, and their

respective locations are depicted on Figure 2.

1.4 Site Background

The Refuge is owned by the United States Government and is currently administered by

the FWS, a bureau of the Department of the Interior (DOI). The Refuge was previously

administered by the Department of Defense (DOD).

Congress, in passing the law that created the Crab Orchard National Wildlife Refuge,

mandated that the lands be utilized in a manner consistent with the needs of industry,

as well as those of agriculture, recreation, and wildlife conservation. Congress viewed the

industrial activities at the Refuge as one of its four purposes.

During the DOD administration, portions of the Refuge, known then as the Illinois

Ordnance Plant (10P), were leased to industrial tenants primarily for purposes of

manufacturing munitions and explosives. The IOP began operation in June of 1,942. In

1947, the DOD transferred the IOP to the DOI. Production of explosives continued to be

the principal industry on the Refuge, but other industries moved onto the sites to occupy

buildings formerly used by wartime industries. The new tenants included industries that

manufactured transformers and capacitors containing PCBs, automobile parts, fiberglass
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boats, corrugated boxes, plated metal parts, tape, flares and jet engine starters.

Manufacturing activities continue at several locations in the closed portion of the Refuge.

1.5 Site Environmental Milestones

The EPA proposed the Refuge for inclusion on the National Priorities List (NPL) in 1984,

and formally listed the Refuge on the NPL in July 1987. In February of 1986, the FWS

and EPA entered into a Federal Facility Initial Compliance Agreement which required the

implementation of Remedial Investigation/Feasibility Study (RI/FS) activities at 33

potentially contaminated sites, and two background sites. The RI/FS began in 1986

(O'Brien and Gere, 1988). A draft RI Report was submitted in 1988 which provided

specific recommendations for each site: feasibility studies were to be prepared for seven

sites, four sites were retained for further evaluation by DOD, eight sites were to undergo

periodic monitoring, and fourteen sites were eliminated from further evaluation or action.

A feasibility study was completed on the recommended sites in 1.989.

Upon completion of the draft FS report, the EPA designated sites contaminated primarily

with metals as the Metals Operable Unit, and other sites contaminated with primarily

PCBs as the PCB Areas Operable Unit. The EPA signed a Record of Decision (ROD) for

the Metals Areas Operable Unit on March 30, 1990, and a ROD for the PCB Areas

Operable Unit on August 1, 1990. Remedial action and remedial design (RA/RD) activities

are presently underway at these operable units.

In August and September of 1991, the EPA, DOI, Department of the Army, and IEPA

signed a Federal Facilities Agreement (FFA). The FFA recognized two additional operable

units: 1) areas associated with Explosive and Munitions Manufacturing Areas (EMMAOU,

14 sites) and, 2) miscellaneous areas ( Misc AOU 23 sites) that in the 1988 RI Report were

recommended as needing further investigation, monitoring or maintenance, or not

requiring any further work (O'Brien and Gere, 1988). The FFA required, among other

items and activities, that the DOI perform RI investigations for the Misc AOU.
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1.6 Previous Investigations

All of the sites, which are the subject of this RI (except for Sites 22A and -36), were

previously investigated as part of an RI completed for the FWS and Sangamo Weston,

Inc. by O'Brien and Gere Engineers of Syracuse, New York in 1988.

Investigations at Site 22A were conducted by the FWS in 1989 and 1990. The

investigations consisted of the collection of five soil samples that were analyzed for

aromatic hydrocarbons in 1989 (Texas A&M University, 1989) and cadmium in 1990

(Hazelton Laboratories America, 1990). No report was prepared. The investigation results

are described in Section 5.2.

Investigations at Site 36 (Wastewater Treatment Plant) were conducted by the FWS in

1988. Five sediment samples were collected from drain ways east and southeast of the

facility and were analyzed for pesticides and PCBs (Texas A&M University, 1989). Prior

to 1988, investigations of the Wastewater Treatment Plant (WWTP) were limited to

samples collected from single locations downstream of the facility that were analyzed for

PCBs. The investigation results are described in Section 5.2. .

The RI completed in 1988 included 33 sites located within the eastern portion of the

Refuge (O'Brien and Gere, 1988). Field work was performed in two pleases and included

geophysical surveys, hydrogeological investigations, collection of soil, sediment, surface

water, groundwater and fish samples for chemical analysis. The objective was to define

the nature and extent of contamination and the potential for migration. The results of

previous investigations and historical information were used, whenever possible, as a

basis for establishing analytical parameters; otherwise broad analytical scans for organic

and inorganic compounds were used in the analyses. The RI included an assessment of

the potential impacts from the contaminants to human health, wildlife and the

environment. Previous investigation results are summarized in site descriptions below

and in Section 5.2.

Because of quality assurance/quality control (QA/QC) problems discovered with the

laboratories performing analyses for the previous RI, many of the analytical results are

not useable, or are useable with qualifications (O'Brien and Gere, 1988, Exhibit B). Results
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from the previous RI that are usable are presented in this report, where appropriate, to

supplement the Phase I RI data.

1.7 Site Histories and the Results of Previous Investiizations

Of the 24, sites that are addressed in this RI (as described in the Project Work Plans),

preliminary site visits were conducted at 3 sites (Sites 21, 27 and 35) and sampling/analysis

was conducted at 13 sites (Sites 7, 7A, 8, 9, 1.0, 11, 11A, 12, 14, 16, 20, and 36). No RI

activities were completed or are planned at eight Misc AOU Sites (13,18, 24, 25, 26,30, 31

or 34) because of the following reasons:

1) the previous RI determined that Sites 13, 18, 24, 25 and 26 present no
exposure risk to human health, wildlife or the environment;

2) the FFA states that Sites 24, 25 and 26 require no additional work - these
sites are outside the Refuge boundary and are not on DOI property
(Figure 2);

3) Sites 30 and 31 are known to be removed from previous and present
potential sources of contamination and were included in the previous RI
as background control sites; and

4) Crab Orchard Lake (Site 34; Figure 2) is currently being monitored and/or
studied by the Illinois Department of Public Health, Illinois State University
and the U.S. Fish and Wildlife Service.

Eleven of the Misc AOU sites (Table 1) are within three designated industrial areas: D

Area (Sites 7, 7A, 8 and 20; Figure 3), P Area (Sites 9, 10, 11 and 11A; Figure 3), and Area

14 (Sites 12, 13 and 14; Figure 4)) that was established when the Refuge facility was

operated as the Illinois Ordnance Plant. Industrial and investigative histories of these

sites are presented below, following the description of their respective area. The

remaining sites (Sites 16, 18, 21, 22A, 24, 25, 26, 27, 30, 31, 34, 35, and 36) are then

discussed in numerical order.

1.7.1 D Area

D Area was originally used by Universal Match under a contract with the DOD until a

large fire ended their operations (O'Brien and Gere, 1988). The area is currently operated
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by Olin Chemical Corporation for the manufacture of explosives, munitions and air bag

detonators. Four individual Misc AOU sites are included in D Area: Sites 7, 7A, 8 and 20

(Figure 3). The four sites were investigated as part of the previous RI (O'Brien and Gere,

1988). Those activities are discussed in Section 5.2.

1.7.1.1 Site 7 - D Area Southeast Drainage Channel

The area of concern at Site 7 consists of a drainage channel adjacent to the D Area

facilities (Figure 5 ). The drainage channel contributes discharge to Crab Orchard Lake.

Mercury was detected at Site 7 in a composite sediment sample and its duplicate (.040

Ag/kg and .30 Ag/kg, respectively) during the previous RI (O'Brien and Gere, 1988).

1.7.1.2 Site 7A - D Area North Lawn

Site 7A is a 3-acre grassy plot located in the northwest corner of D Area (Figure 5).

O'Brien and Gere (1988) state that barrels of chemicals were reportedly dumped on a

knoll within the area. During the previous RI, magnetorneter and electromagnetic

surveys did not detect anomalies suggestive of buried metallic objects; mercury was

detected in six composite soil samples at concentrations ranging from 0.022 mg/kg to 0.029

mg(kg. No evidence of a knoll was found during the site visit conducted on October 28,

1992. The area of concern for the RI is the lawn.

1.7.1.3 Site 8 - D Area Southwest Drainaq:e Channel

Site 8 is a drainage way that receives run-off from the active industrial facility within D

Area and discharges into Crab Orchard Lake (see Figures 3 and 5). Previous sample

collection at the site did not detect any potential contaminants (O'Brien and Gere, 1988).

The area of concern is the drainage way.

1.71.4 Site 20 - D Area South Drainage Channel

A drainage way at Site 20 is the area of concern as it receives runoff from a nearby

abandoned building (Figure 6 ) that was reportedly used to dump chemicals (O'Brien and

Gere, 1988).
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A composite sediment sample collected from tile drainage way during tile previous RI

detected two semi-volatile organic compounds (SVOCs): bis(2-ethylhexyl)phthalate at an

estimated concentration of 2320 pg/kg and N-nitrosodimethylamine (NDMA) at all

estimated concentration of 336 pg/kg (O'Brien and Gere, 1988).

1.7.2 P Area

P Area was originally used by Universal Match while operating under contract to the

DOD. Those operations ended after a large explosion (O'Brien and Gere, 1988). P Area

is now used by Olin Chemical Corporation for research and development, and the

manufacture of ammunition.

P Area contains four Misc AOU sites: 9, 10, 11 and 11A (Figure 3). The four sites were

investigated as part of the previous RI (O'Brien and Gere, 1988); these activities are

discussed below and in Section 5.2.

1.1.2.1 Site 9 - P Area Northwest Drainage Channel

The area of concern at Site 9 is a perennial stream which carries run-off from a watershed

area which encompasses munitions manufacturing facilities within D and P Areas. The

stream discharges to Crab Orchard Lake (Figure 7). During the previous RI, analysis of

a composite sediment sample from the site detected 249 Ag/kg of PCBs and 0.009 mg/kg

of mercury (O'Brien and Gere, 1988).

1.7.2.2 Site 10 - P Area North Drainage Channel

Site 10 (Figure 7) includes a downstream segment of the same stream as Site 9, and a

tributary which receives runoff from an active Olin Chemical facility located to the

northwest (Figure 3). The stream and tributary currently merge into a beaver pond that

discharges into an embayment of Crab Orchard Lake where tile water works has its

intake. The areas of concern for Phase-I RI are the stream and tributary.

During the previous RI, the SVOCs bis(2-ethylhexyl)phthalate and NDMA were detected

at the estimated concentrations of 540 btg/kg and 270 /-tg/kg, respectively (both on a wet-
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weight basis), in a composite sediment sample taken at the stream discharge area in Crab

Orchard Lake (O'Brien and Gere, 1988) .

1.7.2.3 Site 11 - P Area Southeast Drainage Channel

The area of concern at Site 11 is a drainage way which receives runoff from portions of

P Area containing a building used for research and development (Figure 7). The drainage

way discharges to Crab Orchard Lake (Figure 3).

1.7.2.4 Site 11A - P Area Walkway Structures

Site 11A includes an abandoned L-shaped walkway (Figure 8 ) which contains areas

reportedly used to store production materials for explosives. Chemicals may have been

dumped on the ground adjacent to the walkway (O'Brien and Gere, 1988). The areas of

concern are small swales and drainage ways where the chemicals may have collected.

1.7.3 Area 14

Area 14 is an active manufacturing area south of Crab Orchard Lake. Three Misc AOU

sites are located in Area 14: Sites 12,13 and 1.4 (Figure 4). Sherwin Williams loaded and

stored munitions in the area until 1947 when Diagraph Corporation took over the

buildings. Diagraph presently manufactures printing inks, printing equipment and

stencils in the buildings between Site 12 and Site 14.

The three sites were investigated as part of the previous RI (O'Brien and Gere, 1988). The

previous activities are described below and in Section 5.2.

1.7.3.1 Site 12 - Area 14 Impoundment

Site 12 consists of a circular impoundment approximately 100 feet in diameter which, in

the past, surrounded an above-ground storage tank (Figure 9). The tank was reportedly

used to store oil for a boiler previously located nearby. The tank was removed during

the early 1960s. Several black oily pools in and around the impoundment, bare patches

of black sediment, and tars located in the impoundment were reportedly visible in the

Golder Associates



December 1993 -1 1- 923-8108.720

mid-1980s (O'Brien and Gere, 1988). These features were not visibly present at the site

when inspected by representatives of the EPA, IEPA, FWS, USACE and Golder Associates

(Golder) on October 27, 1992. The area is now overgrown with trees and vegetation.

Low areas within the impoundment which collect water are the areas of concern at this

site.

1.7.3.2 Site 13 - Area 14 Change House

Site 13 (Figures 4 and 10) is located southeast of Site 14. The site contained a building

which was used for several different purposes prior to its demolition sometime between

1971 and 1980. The building was reportedly used as a change house for munitions

workers and as a manufacturing facility for explosives and chemicals (O'Brien and Gere,

1988). Site 13 is now an open, grassy field.

Site investigations completed for the previous RI (O'Brien and Gere, 1988) included

electromagnetic and magnetometer surveys, and the collection and analysis of six

composite soil samples. The investigation area was approximately'l-1/4 acre. O'Brien and

Gere (1988) reported that the geophysical surveys did not indicate that major buried

objects are present. Delta-BHC (a pesticide) was detected at a concentration of 69 Jig/kg

in one of the six composite samples. O'Brien and Gere (1988) also assessed tile sites' risk

to the environment. They concluded that Site 13 does not represent a chemical exposure

risk to human health or wildlife receptors at the Refuge or at other locations. No further

evaluation was recommended.

According to the Misc AOU Phase I RI Scope of Services (USACE, 1992), the site was also

investigated by Environmental Science and Engineering as part of the Uncharacterized

Sites investigation. That investigation detected no chemical contamination.

No investigations were planned or conducted at this site as part of the Misc AOU RI.

DOI believes that, based on the site's past use, Site 13 belongs in the Explosives/Munitions

Area Operable Unit (EMMAOU). The DOI will formally request under the conditions of

the FFA that USACE/IDOD incorporate the site into the EMMAOU.
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1.7.3.3 Site 14 - Area 14 Solvent Storage Drainage Ditch

Site 14 is adjacent to manufacturing and warehouse facilities, including areas where

solvents, inks, lubricants and liquid manufacturing supplies are stored in drums and

above-ground storage tanks (Figure 10 ). The tanks presently contain xylene, diethylene

glycol and diacetone alcohol. No containment structures were present around the drum

storage or tank areas at the time of the site visit on October 27, 1993. The areas of

concern are drainage ways and nearby areas which runoff from the drum storage and

tank areas.

Previous RI activities include the collection and analysis of three composite sediment

samples from the drainage ditches (O'Brien and Gere, 1988). Compounds detected in two

of the samples, and their reported concentrations, include NDMA (95 Pg/kg), 4-

methylphenol (273 pglkg) and bis-(Z-ethy1hexy1)phthaIate (270 jig/kg).

1.7.4 Site 16- Area 7 Industrial Park

Site 16 is located within Area 7, an industrial park which originally contained 36 large

buildings arranged in six rows (Figure 4); each row was served by a railroad spur. A

drainage way bisects the park and receives runoff from the entire industrial park. It

discharges to Crab Orchard Lake, approximately 2,000 feet to the north. In the mid-1980s,

black residues were observed near three buildings formerly used to recover and recycle

waste oil, and around two buildings occupied by a company which refurbished mining

equipment (O'Brien and Gere, 1988). A former plating facility upstream of Site 16 is the

subject of a Metals Area OU investigation.

During the previous RI, three composite sediment samples and nine composite soil

samples were collected in the area of the five buildings, and analyzed for a variety of

compounds (O'Brien and Gere, 1988). SVOCs were detected in two samples: a composite

soil sample collected on the south side of buildings 5-2 and 5-3 (see Figure 1.1) and a

composite sediment sample from the north-south ditch. The detected SVOCs and their

respective concentrations, on a wet-weight basis, were bis(2,ethy1hexy1)phtha1ate (44 pg/kg

and undetected); anthracene (256 pg/kg and undetected); chrysene (253 pg/kg and

estimated at 41 pg/kg); dibensofuran (estimated at 6 and 50 pg/kg); di-n-butylphthalate
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(7 and 41 pg/kg); fluoranthene (389 gg/kg and undetected); naphthalene (undetected and

estimated at 51 pg/kg); NDMA (estimated at 1.15 pg/kg and undetected); phenanthrene

(estimated at 19 and 107 pg/kg); and pyrene (356 pg/kg and estimated at 34p&�kg).

The PCB compound Aroclor 1254 was detected in samples collected north of former

building 3-5 and south of former buildings 5-2 and 5-3; the concentrations were 2552

gg/kg and 280 pg/kg, respectively .

Four of the Site 16 buildings have been razed (Figure 11 ). The railroad spurs have been

removed and the grades have been modified. At the time of the site visit on October 27,

1992, no black residues were observed near the single remaining building, nor the areas

where the four buildings had been removed. The drainage way and the area around the

one remaining building (Figure 11) represent tile areas of concern for Phase I of this RI.

1.7.5 Site 18 - Area 13 Loading Platform

Site 18 is adjacent to an area of approximately 85 bunkers originally built to store 500

pound bombs (Figure 2). All bombs were reportedly removed from the area in 1945. Site

18 consists of a concrete loading platform where the bombs were loaded onto railroad

cars. The railroad spurs were removed at some indeterminate date. The site was the

subject of two previous investigations.

The DOI has formally requested, under the conditions of the FFA, that USACE/DOD

incorporate the site into the EMMAOU; therefore, no further investigations are planned

for this site under the Misc AOU RI.

1.7.6 Site 21 - Area 7 Southeast Corner Field

This site is a fenced pasture approximately 150 by 400 feet in size, located near the

southeast corner of the Refuge (Figure 4). Large trees growing throughout tile site area

indicate that the ground has not been disturbed for several decades. Because of concrete

rubble visible on the site, it was believed that the area was the location of a dump

(O'Brien and Gere, 1988).
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Magnetometer and electromagnetic surveys were completed, and six composite soil

samples were collected from several site transacts and analyzed, as part of the previous

RI (O'Brien and Gere, 1988). The geophysical surveys reportedly indicated that no

metallic objects were buried at the site. Constituents that were detected in the soil

samples (O'Brien and Gere, 1988) and their estimated concentrations are as follows (on

a wet-weight basis): 2-methylnaphthalene at 51 jig/kg; dibenzofuran at 1.8 jig/kg; NDMA

at 11 jig/kg, phenanthrene at 105 pg/kg; Aroclor 1254 at 133 jig/kg; and mercury at 0.037

and 0.041 mg/kg. O'Brien and Gere (1988) also performed an evaluation of environmental

effects based on the field and analytical results. They concluded that Site 21 does not

represent a chemical exposure risk to human or wildlife receptors at the Refuge or other

locations and recommended that no further evaluation be performed.

The site was examined by representatives of the EPA, IEPA, FWS, USACE and Colder on

October 27,1992, at which time no signs of contamination were observed and no specific

targets for analytical sampling, such as stained soils, seeps or strained vegetation, were

observed. A pile of concrete rubble present near the northwest corner of the site appears

to be the remains of a building foundation. The Project Work Plans (USACE, 1992a and

b) recommended that no additional investigation activities be completed at this site.

1.7.7 Site 22A - Old Refuge Shop Area - Post Treating Facili!y

Site 22A is part of the former shop and maintenance yard for the Refuge (Figure 30).

Site 22A consists of an area where sign posts were treated with diesel fuel containing

pentachlorophenol (O'Brien and Gere, 1988). It is believed that the posts were dipped into

a tank of the wood preservative then placed in the open to dry. The tank is believed to

have been located in a small building/shed. The posts were set out to dry in a gravel area

which extended frorn the building to the west (Figures 12 and 13). The area of concern

at Site 22A is the area surrounding the small building/shed and the gravel pad.

Aerial photos indicate that the building and gravel area were present in 1960, 1%3, 1.965

and 1971, but not in 1951 (USDA, 1951, 1%0, 1965, and 1971; USGS, 1963). In the 1960

(Figure 12) and 1963 photos, dark equidimensional items are visible at the perimeter of

the gravel pad and are interpreted to be posts stacked on pallets. In addition, the 1960

photo indicates that additional activities, possibly related to the post treating operations,
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occured in an area approximately 20 feet due east of the former building. In the 1965 arid

1971 photos, other unidentifiable items of random size and shape are stored throughout

the area; the post treating facility is believed to have been inactive at this time.

Five soil samples were collected in the post treating facility area in 1989 and analyzed for

aromatic hydrocarbons (Texas A&M University, 1989) and cadmium in 1990 (Hazelton

Laboratories America, 1990). The samples were collected in a line along the approximate

location of the gravel pad and extending approximately 120 feet west from the fence

(Figure 13). SVOCs were detected in concentrations between 1 ppm and 3 ppm (on a

wet-weight basis) including naphthalene (1 sample), 2-methylnaplithalei-ie (2 samples), 1-

methylnaphthalene (5 samples), 2,6 dimethylnaphthaleiie (2 samples) and 2,3,4-tri-

methylnaphthalene (1 sample). Cadmium concentration for the five samples were

reported to be between 0.19 mg/kg and 1.22 mg/kg, with an average of 0.52 mg/kg (on a

dry-weight basis).

Site 22 (Figure 13) nearby was investigated as part of the previous RI (O'Brien and Gere,

1.988) and is about to be remediated following investigations conducted for the Metals

Areas OU. The remedial action plans are currently being reviewed by the USACE, EPA

and [EPA.

1.7.8 Site 24 - West Drainage Ditch

Site 24 consists of a drainage ditch adjacent to a soft drink bottling plant located outside

of the Refuge property boundary (Figure 2) and, therefore, is not owned by the DOI.

Runoff from the ditch drains through tributaries to Crab Orchard Lake.

The site was investigated by O'Brien and Gere (1988). Although slightly elevated levels

of mercury were detected in ditch sediments it was concluded that Site 24 was not a

potential source of contamination and did not contribute mercury to Crab Orchard Lake

(O'Brien and Gere, 1988). The FFA states that no further work is necessary at this site

and, therefore, no RI activities are planned.
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1.7.9 Site 25 - Marion Landfill

The old municipal landfill for the City of Marion is located adjacent to Crab Orchard

Creek (Figure 2). Site 25 consists of portions of Crab Orchard Creek upstream and

downstream of the inactive landfill, and a pond adjacent to the landfill. The site is not

located on the Refuge and is not owned by DOI.

Investigations completed by O'Brien and Gere (1988) included the collection and analysis

of several composite sediment samples and surface water samples from Crab Orchard

Creek and the pond. Of these, one upstream creek sediment sample contained

approximately 10.7 mg/kg of cyanide and one downstream creek sediment sample

contained approximately 90 mg/kg of cyanide. They concluded that the site was not

contributing cyanide to Crab Orchard Lake. The FFA states that no further work is

required at Site 25 and, therefore, no RI activities are planned.

1.7.10 Site 26 - Marion Sewaze Treatment Plant

The City of Marion sewage treatment plant discharges to Crab Orchard Creek. Site 26

consists of portions of the creek downstream of the plant (Figure 2). It is located outside

the Refuge property boundary and is not owned by DOI. O'Brien and Gere's (1988)

investigations included the collection and analysis of two composite soil samples, in ",hich

no volatile organic compounds (VOCs) or metals were detected. The samples were not

analyzed for SVOCs. They concluded that the site did not warrant additional work. The

FFA states that no further work is required at this site arid, therefore, no RI activities are

planned at Site 26.

1.7.11 Site 27 - Crab Orchard Creek Dredge Area

A number of years ago, Crab Orchard Creek was dredged approximately 1-1/4 miles

downstream of Interstate Highway 57. Site 27 is comprised of sections of the dredged

creek and adjacent floodplain areas north of the creek and west of Chamness Road

(Figure 4).
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Site 27 investigations completed as part of the previous RI (O'Brien and Gere, 1988)

included the collection and analysis of one composite sediment sample and one composite

surface water sample from the creek. They concluded that the sediment sample did not

contain concentrations of parameters above control (background) samples, but the surface

water sample had concentrations of iron and magnesium which exceeded EPA

recommended secondary Maximum Contaminant Levels (MCLs). Monitoring of surface

water chemistry was recommended (O'Brien and Gere, 1988).

The floodplain areas of Site 27 were examined on October 28, 1992 by representatives of

the EPA, IEPA, USACE, FWS and Golder, at which time no specific targets for analytical

sampling were identified. In the Project Work Plans (USACE, 1992b), Phase I sampling

and analysis was not recommended because the creek sediments and surface water now

present at the site area represent areas upstream that are not part of the Refuge or

relevant to the historical aspects of the Refuge being investigated as part of the Misc AOU

RI. Recently, the City of Marion and the USACE have announced that the Site 27 area

will be dredged as part of a flood control project along Crab Orchard Creek. For these

reasons, no RI activities are recommended at Site 27.

1.7.12 Site 30 - Area 13 Munitions Control Site

Site 30, the Munitions Control Site, is an area south of Crab Orchard Lake (Figure 2). As

part of the previous RI, soil and groundwater samples were collected from the site and

analyzed to represent uncontaminated soil and groundwater conditions (O'Brien and

Gere, 1988). The site consists of a low lying area located near bunkers used to store

munitions; reportedly, munitions storage is the only industrial activity to have occurred

at the site (O'Brien and Gere, 1988).

1.7.13 Site 31. - Refuge Control Site

Site 31, the Refuge Control Site, is an area north of Crab Orchard Lake (Figure 2). The

site was used during the previous RI (O'Brien and Gere, 1988) as a control site to

represent background soil and groundwater conditions. According to the Refuge

Manager at that time, Site 31 area was not involved in any past industrial activities.
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Furthermore, a water supply well drilled nearby was tested and found to be free of

contaminants (O'Brien and Gere, 1988). No RI activities are required at the Site.

1.7.14 Site 34 - Crab Orchard Lake

Site 34 consists of Crab Orchard Lake (Figures 1 and 2). The lake water and sediments,

and associated wildlife populations, have been subject to various investigations completed

by the FWS, Southern Illinois University, the State of Illinois, and O'Brien and Gere

(USACE, 1992; O'Brien and Gere, 1988). Monitoring of the lake and wildlife populations

is a continuing process at the Refuge, therefore, no RI activities are recommended.

1.7.15 Site 35 - Area 9 East Waterway

Site 35 consists of a low-lying area in an agricultural field (Figure 4). O'Brien and Gere

(1988) reported that the lack of vegetation in the depression potentially indicated the

presence of contaminants; therefore, they investigated the site. One composite soil

sample was collected and analyzed. A trace of PCBs (16 pg/kg of Aroclor 1254) was

detected (O'Brien and Gere, 1988). A qualitative assessment of environmental effects was

performed. They concluded that the site does not represent a chemical exposure risk to

human or wildlife receptors and recommended that no further evaluation be conducted.

The site area was visited by representatives of the USEPA, IEPA, FWS, USACE and Golder

on October 28, 1992. During the site visit, the area of the reported depression contained

a crop of about 8-foot high corn; no signs of potential contamination were observed.

Because of the previous RI results and the lack of specific sampling targets, no RI

activities are recommended at Site 35 (USACE 1993 ab).

1.7.16 Site 36 - Area 3 North Waste Water Treatment Plant

The waste-water treatment plant (Figure 3) was built in the mid-1940s to process waste

water from industrial and FWS facilities within the eastern portions of the Refuge. The

original equipment, which is still in use, includes three aeration tanks, an anaerobic

digestion tank, sand beds, clarification tanks and a chlorination system. Dove Creek was

dug at that time to carry the discharge into a tributary of Pigeon Creek. Two small ponds
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east of the sand beds were created in the late 1950s. Two large lagoons were added south

of the aeration tanks in 1970 to 1971. These structures are shown on Figure 14 .

According to site personnel interviewed on October 29,1992, finished water is chlorinated

and discharged to the north into Dove Creek. Water removed from sludge in the sand

beds probably drains to the adjacent pond (the West Pond). The pond further east (the

East Pond) was reportedly used for overflow. In 1960 and 1963 aerial photographs, this

pond drained to the south (USDA, 1960; USGS, 1963); in 1965 aerial photographs, the

pond is surrounded by trees and the drainage appears dormant (USDA, 1965).

The large lagoons were built as a backup system due to problems with the aeration

system in the late 1960s, and are reportedly still used on an occasional basis. Water

passes from the primary to the secondary lagoon, is chlorinated, and discharged into

Quail Creek. The areas of concern for Phase-I of the RI are Dove Creek, the East Pond,

the West Pond and the Lagoons.

Golder Assoelcites



December 1993 -20- 923-8108.7,20

2.0 INVESTIGATION METHODS AND PROCEDURES

The methods and procedures for the Phase-I RI activities are described in the approved

Project Work Plans (USACE, 1993a, b, c & d). Phase 1 activities include preliminary site

visits at Sites 21, 27 and 35, and the collection and analysis of samples from Sites 7, 7A,

8,9, 1.0, 11, 11A, 12,14,16, 20, 22A and 36 (Tables 2 and 3). The approved Project Work

Plans indicated that no Phase-I investigations be performed at Sites 13, 18, and 34. The

FFA states that no further action is required at Sites 24, 25 and 26. This section presents

a synopsis of the methods and procedures for the Phase-I investigation and identifies any

deviations from the Project Work Plans.

2.1 PrelimingEy Site Visits

Preliminary site visits were conducted at Sites 21, 27 and 35 by representatives of the

USACE, EPA, FWS, IEPA and Golder on October 27 (Site 21) and 28 (Sites '27 and 35),

1992. Site walkovers were performed during each visit to discuss previous site operations,

look for evidence of contamination (e.g. stained soils, seeps or strained vegetation) and

consider whether additional sampling activities are warranted. Information gathered

during the visit, and the results of previous investigations, were used as a basis for

recommendations in the Project Work Plans for Phase-I RI activities at the sites.

Subsequently, Project Work Plans for Phase-I of the RI were prepared by the USACE

(1993a, b, c and d) and approved by the EPA and IEPA.

2.2 Collection of Analytical Samples

Near-surface soil, sediment and sludge samples were collected at 13 sites between April

27 and May 10, 1993, and between June 7 and June 9, 1993. During the first field event,

62 investigative samples were collected and submitted for analyses. Five duplicate

samples, four split samples, and four matrix spike/matrix spike duplicate (MS/MSD)

samples were also collected and analyzed for Quality Assurance/Quality Control (QA/QC)

purposes.

During the secondUune) field event, three investigative samples, one duplicate sample,

and one MS/MSD sample were collected at Sites 8,9 and 36 and submitted for analyses
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as a substitute for samples collected in May for which laboratory holding times for SVOCs

were exceeded. The samples were collected in conformance with the approved SAP

procedures.

The sample location selection process and sample collection methods for the three

respective media types are described below.

2.2.1 Sample Locations

The locations of Phase I samples are shown in tile following site figures:

Figures Showing Samr)le Locations

Site No. Figure No.

7,7A and 8 5
9, 10 and 11 7

11A 8
12 9
14 10
16 11
20 6
22A 13
36 14

Sampling locations within a site were selected on the basis of highest contamination

potential. Sampling locations included open drainage ways receiving intermitter-it run-off

from industrialized areas, locations in close proximity to buildings and structures, and

locations in areas identified by past investigations as being potentially contaminated.

The SAP identified proposed sampling locations. Samples were collected in conformance

with the SAP at each site, with the exception of Sites 10, 11A and 20. The sampling

locations for these three sites are shown on Figures 7, 8, and 6, respectively. Sampling

locations were adjusted at these three sites because conditions found in tile field were

different from those originally assumed during preparation of the SAP. Sampling

locations were changed at Site 10 because the southern-most grab sample locations were

flooded by beaver ponds. Sampling locations were modified at Site 11A because the

building was incorrectly located in the SAP. Sampling activities were relocated at Site 20
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so that grab samples could be collected closer to the reported source of contamination.

These adjustments were made in consultation with the EPA, FWS and IEPA, and were

documented in the Daily Quality Control Reports (DQCR) and DQCR Summary Report

which is included as an attachment to the Quality Control Summary Report (USACE,

1993F).

Except at Sites 7A, 22A and portions of 36, all sampling locations were staked and

surveyed for coordinate location and elevation to the nearest 0.01 feet by a registered

surveyor (Cross Country Land Surveyors of Murphysboro, Illinois). At Sites 7A and 22A,

only the center location of each composite sample area was surveyed (Figures 5 and 13).

At Site 36, the ponds and primary lagoon sample locations were approximated using

visual line intersection methods from surveyed stakes on the banks of the water bodies.

Surveying was conducted between May 17 and June 7,1993. Samples collected in June

were taken within one foot of the original (May) sample locations and were, therefore,

not re-surveyed. Permanent and semi-permanent control points used for the surveying

are shown on the respective site figures (Figures 5 through 11 and Figure 13) .

2.2.1.1 Soils

Soil samples were collected at nine Misc AOU sites from depths ranging between 0

(ground surface) and approximately 3 feet. Samples were collected from approximately

one foot depths at Sites 16 and 22A, and approximately two foot depths at Sites 7A, 8, 11,

11A, 12,14, 20 and 22A (soil was collected at both depths at Site 222A).

Figures 5 through 11, and Figure 13 show the soil sampling locations for each site. Soil

sample descriptions, including sampling depths specific to each site, are included in Table

3.

2.2.1.2 Sediment and Sludge

Sediment samples were collected at Sites 7, 9, 10 and 36. Sludge samples were collected

from two ponds and a lagoon at Site 36. Figures 5, 7 and 14 show the sediment and

sludge sample locations for Sites 7, 9 and 10, and 36, respectively. Sample descriptions

specific to each site are included in Table 3.
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Sediment samples were collected from the bottoms of stream channels. Tile sampled

materials were designated as sediments based on field classification. Tile sediments

typically contained coarser textured material than the native soil materials. Tile streams

where these samples were collected are all believed to be perennial; all contained water

at the time the samples were collected.

Sludge material was collected at Site 36 from one pond (West Pond) which receives

drainage from the sludge drying beds, a second pond (East Pond) which previously

received overflow from the treatment plant, and the primary lagoon (Figure 14). The

samples were collected at depths of approximately I foot below the bottom of the

pond/lagoon. The sludge material was characteristically black and rich in organic

materials.

2.2.2 Sample Collection Methods

During sample collection activities, the physical and Visual nature of the sampled material

(including texture, consistency and color) were described in field notebooks. Sample

collection methods for all media conformed to the methods provided in the SAP. These

methods are described briefly below.

2.2.2.1 Soils

Each soil sample required the collection of one discrete sample (for VOC analysis) and a

composite sample consisting of 5 aliquots, each from a separate location, for analysis of

all other parameters. The discrete and composite samples are referred to collectively as

a sample pair.

At each sampling location, a clean shovel was used to clear away any existing vegetation

and topsoil to the desired minimum sampling depth. Once the desired minimum depths

were attained, decontaminated stainless steel sampling devices such as scoops, spoons

and hand augers, were used to clear the hole and collect the required volume of soil.

Equal amounts of soil from each sample aliquot location were placed in a decontaminated

stainless-steel bowl for compositing. Each composite sample was thoroughly mixed once
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and, in the process, soil aggregates were reduced to a diameter of less than 1/4 inch. The

sample was then divided into quadrants; opposite quadrants were combined and mixed

thoroughly in separate bowls; the sample halves were then recombined and mixed

thoroughly. The sample was divided into quadrants a second time and processed as

before. The sample was divided into quadrants a third time and the homogenized

sample material was then placed into analytical-grade jars. Each analytical-grade sample

jar was filled with material from different quadrants.

The soil sampling locations for VOC analysis were based on criteria described in the SAP.

At Sites 7A, 8, 11 and 20, the VOC samples were collected at predetermined locations

indicated in the SAP. At Sites 11A, 12, 14, 16 and 22A, headspace measurements were

taken of soil material obtained from the location of each aliquot of the composite sample

to determine the location for collecting the discrete VOC sample.

The headspace measurements were taken by loosely placing the soil in a clear, precleaned

jar, seating the jar with a continuous sheet of aluminum foil, and using the jar lid to

secure the foil. The sample jars were only partially filled to allow for headspace

volatilization, capture and measurement. After a minimum of 30 minutes had elapsed,

the intake tube of a photoionization detector (PID) was inserted through the aluminum

foil and into the headspace area to measure the concentration of VOC vapors. Tile peak

reading was recorded in the field notebook. The grab sample location with the highest

PID reading was selected as the location for collecting the discrete VOC sample. If no

vapors were detected, secondary criteria, such as unusual soil discoloration and odors

were used to determine the VOC sample location. Headspace measurement information,

is included in Table 3.

The SAP specified the use of a PID equipped with an 11.4 eV lamp for headspace

screening of grab samples obtained at Sites 11A, 12, 14, 16 and 22A. The first PID

instrument for Phase I had a 11.4 eV bulb, but failed to operate by battery supply. A

replacement PID was requested and in the interim, an 11.7 eV PID was made available

by the EPA oversight. The inoperable PID was replaced by a PID with a 11.8 eV lamp,

as an instrument with an 11.4 eV lamp was unavailable. An additional 10.0 eV PID was

obtained as backup. It was observed in the field that the 10.0 eV PID was more sensitive

to organic vapors by yielding higher readings than the 11.7 and 11.8 eV PIDs. Therefore,
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it was decided by the filed team that both the 10.0 eV lamp and a higher intensity lamp

(11.7 or 11.8 eV, depending on availability) be used, whenever possible, for headspace

screening purposes. The PID substitutions are documented in the Daily Control Reports

and the QCSR.

A hand-held stainless-steel core sampler was used to obtain discrete soil samples. A new,

cleaned stainless steel liner was used in the sampler device to collect each sample and to

keep the sample intact until it was delivered to the laboratory and removed for analysis.

Upon retrieval of the soil material from the ground, the sample was removed from the

sampler, covered with aluminum foil and plastic end caps, sealed in a plastic bag and

placed on ice. All samples for VOC analysis, including investigative samples, QA split

samples and QC duplicate samples, were collected from a location within one foot of, and

at the same approximate depth as, the aliquot for the composite sample.

In some instances, a sample was removed from the ground that required additional

material to fill void space at its ends. When this occurred, a clean stainless steel spoon

and/or spatula was used to retrieve more material from the hole and pack it into the end

of the sample.

Once sample collection activities were completed, excess sample material was placed in

its original hole and covered with the original topsoil and vegetation. A location

identification stake was set at that time and surveyed at a later date.

2.2.2.2 Sediment and Sludge

Sediment

Grab sediment samples from the desired depth were obtained from five locations at each

site using decontaminated stainless-steel sampling equipment. Equal amounts of grab

sediment sample material from each sample location was composited in a stainless-steel

bowl. The sediment samples were typically saturated with water; no effort was made to

decant the water.
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Each composite sample was thoroughly mixed and aggregates were reduced to a diameter

of less than 1/4 inch. The sample was then divided into quadrants and opposite

quadrants were combined and thoroughly mixed in separate stainless-steel bowls and

then recombined. The recombined composite sample was thoroughly mixed. This

process was continued a second time after which the sample was divided into quadrants

and a set of opposite quadrants were combined and thoroughly mixed in a stainless-steel

bowl. This homogenized sample mixture was again divided into quadrants. Separate

quadrants were used to fill each analytical grade sample jar. The sample jars were then

placed on ice and the unused sample material was returned to the grab sample locations.

Discrete samples for VOC analysis were obtained using a hand-held stainless-steel core

sampler with a stainless-steel liner, as described above in Section 2.2.2.1.

Quality control duplicate samples for soils and sediments were collected in an identical

manner from locations adjacent to the investigative sample location. Quality Assurance

split samples and matrix spike/matrix spike duplicate samples were collected at the

completion of the compositing process from different quadrants of the mixing bowl.

Sludge

Sludge samples were obtained from the primary lagoon and ponds east of the WWTP

using a Wildco sediment and sludge sampler. A stainless-steel liner was inserted into the

Wildco sampler and the sampler was then inserted into the sludge at the designated

locations. After retrieving the Wildco sampler, both ends of the stainless-steel liner (with

sample inside) were covered with aluminum foil and plastic caps. The sample was kept

in the stainless steel liner until the laboratory extracted the sample for VOC analysis.

A plastic liner was used in the sampler to retrieve a sample for the other sludge analyses

(i.e., other than VOCs). The sludge was removed from the plastic liner, placed in a

stainless-steel bowl, thoroughly mixed with a stainless steel spoon, and placed in

analytical grade jars. Split and MSJMSD samples were taken from the same sample

material and placed in analytical grade sample jars. The samples were immediately

placed on ice.
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The sludge samples were typically saturated with water; no effort was made to decant

the water.

2.2.3 Saml2le Shipment

The investigative samples, duplicates, and MS/MSD samples were shipped to the PACE

Incorporated laboratory located in Minneapolis, Minnesota for chemical analysis. The

split samples were shipped to the USACE Missouri River Division Laboratories. All

samples were shipped using an overnight-express carrier. During shipment, the samples

were preserved using ice. Upon arrival, sample temperature was verified by the

laboratory. The chain-of-custody procedures described in the SAP and QAPP were

followed for sample shipment activities.

2.3 Sarnl2ling Equipment Decontamination

All sampling equipment such as stainless steel bowls, augers, core samplers, spatulas, and

scoops that were used during sampling were decontaminated between each sampling

event. On-site decontamination was conducted in a designated area near each site or

group of sites. The standard decontamination protocol for sampling equipment was as

follows:

STEP 1 Equipment scrubbed thoroughly with soft-bristle brush in a low-
sudsing Alconox('m) detergent wash Solution.

STEP 2 Equipment rinsed with distilled water by spraying.

STEP 3 Equipment rinsed with isopropanol by spraying until dripping;
drippings were containerized.

STEP 4 Equipment rinsed with High Performance Liquid Chromatography
(HPLC) water by spraying; drippings were containerized.

STEP 5 Equipment was wrapped securely in plastic or aluminum foil for
handling and/or storage until next use.

Decontamination wash and initial rinse waters were disposed of at a sample location at

each decontamination area. The containerized isopropanol and HPLC rinse fluids from

each site were transferred into 55 gallon Illinois Department of Transportation approved
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polyurethane barrels located in a restricted area near the Refuge Visitor's Center that has

been designated as a temporary hazardous waste storage area.

2.4 Analytical Parameters

Table 2 lists all analytical parameters for each sample. The general analytical parameters

established for Phase-I RI samples include TCL VOCs, TCL SVOCs, TCL pesticides/PCBs;

TAL metals and cyanide; and explosives. Samples from one site (Site 22A) were also

analyzed for dioxins/furans. The analyses were completed as specified in the Project

Work Plans.

2.4.1 Volatile Organic Compounds

The concentrations of TCL VOCs, both halogenated and non halogenated, were quantified

in soil, sediment and sludge samples using EPA Method 8240. The required quantitation

limits for analyzing TCL VOCs in soil, sediment and sludge using Standard Operating

Procedures (SOP) method number MN-0-446-B are included in Table 4.

2.4.2 Sernivolatile Organic Compounds

The concentrations of TCL SVOCs were measured in soil, sediment and sludge samples

using EPA Method 8270. Samples were also analyzed for the compound NDMA, due to

site history, using the same analytical rnethod.. The required quantitation limits for

analysis of TCL SVOCs using SOP MN-0-436-A are included in Table 5.

2.4.3 Organochlorine Pesticides and Polychlorinated Biphenyls

The concentrations of TCL organochlorine pesticides and PCBs (pesticide/PCBs) were

analyzed in soil, sediment and sludge samples using EPA Method 8080. The required

quantitation limits for the TCL pesticides/PCBs analyses using SOP Method MN-0-447-A

are included in Table 6.
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2.4.4 Explosives

The concentration of explosives was determined by analyzing soil, sediment and sludge

according to EPA Method 8330. The analyte list and method reporting limits are

presented in Table 7.

2.4.5 Dioxins/Furans

Soil samples at Site 22A were analyzed for dioxins/furans using EPA Method 8280. The

compound list and required reporting limits are presented in Table 8.

2.4.6 Inorganics

The concentrations of TAL metals in soil, sediment and sludge samples was determined

using to EPA Methods 3050,6010, 7060,7421, 7470, and 78,41. TAL cyanide analysis of soil,

sediment and sludge was completed using EPA Method 9010. The TAL constituents,

required detection limits, and practical quantitation limits are presented in Table 9.
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3.0 PHYSICAL CHARACTERISTICS OF THE STUDY AREA

3.1 Climate

The climate in southern Illinois is classified as humid continental with mild winters and

relatively warm, humid summers. The Refuge area experiences frequent, short periods

of fluctuation in temperature, humidity, cloudiness and wind direction.

At Carbondale, located approximately 10 miles west of the site, data accumulated since

1910 indicates that July, the warmest month, has a mean temperature of 79.8'F and

January, the coldest month, averages 34.9' F (O'Brien and Gere, 1988).

Precipitation and temperatures vary greatly throughout the year. The recorded average

rainfall is approximately 43 inches, with the heaviest rainfall occurring in May and the

lightest in October. Southern Illinois averages 15 days annually of at least 1 inch of snow

cover. The soil freezes to a depth of 8 to 12 inches during the winter months.

Windrose information for Carbondale for the period of February 1990 to December 1991

(NAOA, 1992) indicates the predominant annual wind direction to be from South-

Southwest at an average velocity of approximately 12 miles per hour with calm winds (<

1.0 mph) for approximately 2% of the year.

3.2 Surface Features

The physiographic region which includes the Refuge is the Mt. Vernon Hill Country of

the Till Plains section of the Central Lowlands province (Leightoil et al., 1948). Tile region

is characterized by well developed drainage systems with low gradients. The land surface

has low relief that represents a bedrock surface modified by glaciation and subdued by

a veneer of glacial drift and loess. Upland areas are generally well drained; larger valley

bottoms are poorly drained. Relief in the investigative area is generally about 50 feet with

elevations ranging between 400 and 4-50 feet above mean sea level.

3.3 Surface Water Hydrolog

Twelve lakes are located within the Refuge. The largest lake is Crab Orchard Lake,

constructed in 1940 by the damming of Crab Orchard Creek. The lake has a surface area

Golder Associntes



December 1993 -31- 923-8108.720

of 6,965 acres, a watershed drainage area of 109,261 acres, and a storage capacity of 72,525

acre-feet (O'Brien and Gere, 1988). Water enters the lake through several creeks,

including Crab Orchard Creek from the east. Other large lakes are Devil's Kitchen Lake

and Little Grassy Lake.

Crab Orchard Lake discharges into Crab Orchard Creek on the western end of the lake.

Crab Orchard Creek discharges to Big Muddy River which, in turn, discharges to the

Mississippi River.

Surface waters from all of the Misc AOU sites drain to Crab Orchard Lake along

pathways shown in Figures 3 and 4. Runoff from Sites 7, 11A and 20 flows south and

southwest in an unnamed stream to the lake; Site 9 and the eastern portion of Site 10 are

located on the stream. Runoff from Site 7A drains into an unnamed stream which flows

approximately 2,500 feet to the lake. Runoff from Site 8 forms an unnamed stream that

flows southwesterly approximately 4,000 feet to the lake. Runoff from Site 11 forms an

unnamed stream which flows southeasterly, south and southwesterly approximately 3,000

feet to the lake. Runoff from Sites 22A and 36 flow through unnarned streams to Pigeon

Creek which flows south approximately 2,000 feet to the lake.

Sites 12,14 and 1.6 are located south of Crab Orchard Lake (Figure 4). Runoff from Site

14, and possibly Site 12, flows northward through an unnamed stream approximately one

mile to the lake. Runoff from Site 16 flows northward through an unnamed stream

approximately 2,000 feet to the lake.

3.4 Geology

The geology of the area includes several types of unconsolidated materials overlying

Pennsylvanian sedimentary bedrock (Berg and Kempton, 1988). The unconsolidated

materials include soils, alluvium, Wisconsinan loess and lake sediments, and Illinoisan till.

3.4.1 Soils

Poorly drained soil is reportedly developed to depths of several feet in materials locally

exposed at the ground surface (Fehbacher and Odell, 1959). Three soil types predominate

within the investigative areas; they are the Hosmer Silt Loam, Stoy Silt Loam and Weir
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Silt Loam (Fehrenbacher and Odell, 1959). These soil types are typically developed from

loess. Soil materials collected at all of the sites during Phase-1, except Sites 7, 9, 10 and

36, were soft to firm, brown, silty clays and clayey silts with a trace of fine sand, arid are

representative of soil types developed from loess.

A less common soil type in the Refuge area is the Belknap Silt Loam (Felirenbacher and

Odell, 1959). This soil is found in stream valleys and is developed from alluvial deposits.

Belknap type soils are reportedly present at Sites 9, 10 and parts of 36 (Felirenbacher and

Odell, 1959). Soil materials collected at these sites during Phase-[ include firm brown silty

clay with traces of fine- to medium-grained sand (Site 9); soft dark brown clayey silt with

some fine-grained sand and a trace of organic material and soft grey silty clay with a

trace of organic material (Site 10); and, soft dark grey silty clay with some organic material

(Dove Creek at Site 36). These Phase-I soil materials, as well as those from Site 7 (firm,

light brown silty clay with traces of fine sand and organics), may represent Belknap soil.

3.4.2 Geology

The thickness of overburden materials generally range between 20 to 50 feet north of the

lake, and between 20 to 66 feet south of the lake. Loess is typically less than 20 feet thick

and has an average thickness of approximately 15 to 20 feet (Lamar, 1925). The loess

consists of clayey silt to silty clay, with traces of fine sand. Till deposits are generally less

than 50 feet thick, with the texture ranging from silty clay to clavey silt with traces of fine

to medium sand; discontinuous, interbedded sand layers or sandy till are locally present

near the base of the till (Linebach, 1979; O'Brien and Gere, 1988; ESE, 1992; Woodward-

Clyde, 1992). Alluvium is located in stream and river valleys and consists of very fine- to

coarse-grained materials derived from bedrock, till, loess and soils. The thickness of these

materials is locally quite variable.

The uppermost bedrock materials vary from sandstone to shale. Lithologic variation

occurs within relatively short distances both laterally at-id vertically (O'Brien and Gere,

1988; ESE, 1992; Woodward Clyde, 1992). The Pennsylvanian bedrock varies in thickness

from 800 to 1,400 feet (Willman et al., 1975). Beneath the Pennsylvanian strata are several

thousand feet of sedimentary strata overlying Precambrian crystalline rocks (Willman et

al., 1975). Sedimentary bedrock in the area dips gently to the north and northeast

(Linebach, 1979). There are no known faults in the investigation area. The New Madrid
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fault zone is located, however, approximately 60 miles south of the Refuge and has been

the source of large historical earthquakes.

3.4.3. Geochemist!y

The chemistry of soil, loess and till materials at the Refuge are represented by 36 samples

collected in an area on the Refuge immediately south of Area 14 and north of Area 13

(Figure 2). The samples were collected from borings, trenches and the surface (Appendix

B; Figure B-1) and analyzed for TCL VOCs, TCL SVOCs, explosives and TAL metals as

part of the RI for the Explosives and Munitions Manufacturing Areas Operable Unit

(EMMAOU). A description of the samples and investigative procedures is provided in

the Phase I Remedial Investigation Report for the EMMAOU (ESE, 1992).

The USACE reviewed the EMMAOU analytical results and prepared a geochemistry

database that excluded samples containing explosive compounds arid high levels of

organic compounds and samples collected from zones containing rubble, metal debris or

other visual signs of disturbance (USACE, 1993g).

The USACE database (USACE, 1993g) is included as Appendix B; it contains TAL metal

concentrations for 36 samples (24 soils, 8 loess and 4 till) that are believed to represent

natural background levels. Five of the database samples were background samples for

the EMMAOU Phase-I RI. The remaining 31 samples were EMMAOU Phase-I RI

investigative samples. The similarity in the range of metal concentrations between the

background samples and the field samples supports the assumption that the field samples

have not been impacted by anthropomorphic sources of metal arid, therefore, the rrietal

concentrations represent natural levels (USACE, 1993g).

Twenty four samples representing soil material are included in the database. The range,

means, and standard deviations of metals concentrations that the USACE calculated frorn

the soil analyses are as follows:
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Background Soil Geochernistry

Parameter Lower Limit of Upper Limit of Arithmetic Standard Deviation

Range Range Mean (-91119)

(-g(Rg) (mg/kg) (-gtk-g)

Aluminum 7340 28700 1359( 47,29

Antimonv 0.64 2.41 .97 .52

Arsenic 1.76 15a) 5.74 3.05

Barium 59.20 160 105.86 27.05

Beryllium 0.43 0.86 0.64 0.11

Cadmium 0.10 1.35 0.25 0.29

Calcium 645 2250 11% 427

Chromium 8.89 42.9( 20.2.5 7.2,4

Cobalt 3.66 18.60 9.66 3.65

Copper 6.00 21.10 12.84 4.03

Iron 8410 3WW 19913 .58777

Lead 7.73 19.50 14.40 3.44

Magnesium 4120 113( 1990 709

Manganese 116 1 W 495 292

Mercury 0.034 0.057 0.046 W5

Nickel 6.51 34.80 15.29 0,3

Potassium 130 159( 649 156

Selenium 0.0(1 1.500 0.3.51 (.299

Silver 0.11 0.8( 0.42 0.18

Sodium 10.95 451 1 12.31; 94.30

Thallium 0.055 0.630 0.238 0.129

Vanadium 17.30 96 V5 '1Z 15.47

Zinc 22.10 208 �O 84 34-56

The ranges and arithmetic means of the metal concentrations in the soil database are

consistent with the ranges and arithmetic means of a soil sample database for the eastern

U.S. prepared by the U.S. Geological Survey (Shacklette and Boerngen, 1984).

Golder Associates



December 1993 -35- 923-8108.720

3.5 Hydrogeology

Hydrogeologic investigations were conducted by O'Brien & Gere (1988), Environmental

Science and Engineering (ESE, 1992) and Woodward-Clyde at several Refuge locations.

Groundwater data are available for areas/sites north of Crab Orchard Lake from only

O'Brien and Gere (1988). Groundwater data is available for areas/sites south of Crab

Orchard Lake from O'Brien and Gere (1988), ESE (1992) and Woodward-Clyde (1992).

Groundwater investigations north of Crab Orchard Lake, for which information is

available (O'Brien and Gere, 1988), are limited to the following thi-ee locations (Figure 2):

Site 17 (located approximately 1 mile northwest of Site 10), Site 22 (located adjacent to Site

22A) and Site 29 (located approximately 1/2 mile southeast of Site 22A). Groundwater

investigations south of the lake are limited to following eight locations: COC Area

(located approximately 2 miles southwest of Sites 9, 10 and 11) ; Site LD5D and Bunker

1-3 (located approximately 1/4 mile southwest of Site 18) ; COP Area (located

approximately 1-1/4 mile west-southwest of Site 14) ; Sites 32 and 33 (located

approximately 1/2 mile northwest, west and southwest of Site 35) ; Site 28 (located

approximately 3,000 feet northeast of Site 14 and approximately 3,000 feet southwest of

Site 16); and Site LF2A (located approximately 1/3 mile south of Site 16 and 1 mile east of

Site 12 and 14).

The following general groundwater conditions for the Refuge area art, based on the

results of the investigations described above:

Shallow groundwater was generally found at a depth that ranged between
1 and 20 feet below ground surface within a loess or till silty clay/clayey
silt unit containing minor amounts of sand and gravel or sand lenses, or
at the unconsolidated/bedrock interface. O'Brien and Gere (1988)
measured groundwater elevations during the winter and summer of 1987
(wet and dry seasons, respectively) and determined that the water table
dropped 3 to 1.0 feet duringthe summer months.

Shallow groundwater flows toward Crab Orchard Lake and the
potentiometric surface closely resembles the surface topography, as is
typical of unconfined conditions. Minor undulations in the potentiornetric
surface were interpreted by O'Brien and Gere to be related to surface
water tributaries which locally intercept shallow groundwater.
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At Sites 28 and 32 (O'Brien and Gere, 1988), a sandy till aquifer near the
lower potions of the unconsolidated sequence, was encountered. Water
level monitoring indicated that it was confined at Site 32 and unconfined
at Site 28. Groundwater occurring within the sandy till unit, could not be
contoured on a regional basis. O'Brien and Gere (1988) believe that
groundwater in the sandy till unit probably flows toward Crab Orchard
Lake.

3.6 Water Resources

Shallow aquifers located in the loess and till are discontinuous and generally produce

enough water to meet domestic and farm needs only from large diameter wells and

cisterns. The Pennsylvanian bedrock provides variable supplies of water generally

sufficient for domestic, farm and semi-private use. The more abundant Source of

groundwater in southern Illinois are the Mississippian, Devonian and Silurian aquifers.

These are widely used for domestic and farm supplies with some local industrial and

municipal use (Pryor, 1.956).

The most abundant source of water in the area are lakes and reservoirs. As Of June 21,

1993, the Refuge obtains its potable water from Rend Lake, located several miles to the

north; prior to that time, the Refuge obtained its water from Crab Orchard Lake.

The City of Marion, located adjacent to the northeast boundary of the Refuge, obtains its

water supply from the Marion Reservoir, located approximately two miles east of Crab

Orchard Lake. It has been reported that during previous dry seasons, Crab Orchard

Lake was used as an auxiliary supply for the City. The last tinie that the City withdrew

water from Crab Orchard Lake was in 1.981; that year it withdrew approximately 6

percent of its total annual water supply from the lake. The City nOW uses water from

Herrin Lake as an auxiliary intake.

3.7 Demography and Land Use

The major population centers located near the Refuge include Marion (population 14,545),

Carbondale (population 27,033) and Carterville (population 3,630). The Refuge habitat

includes 21,000 acres of forested land, 3,000 acres of pine plantations, 11,000 acres of

cultivated land and 8,500 acres of lake surface area of which Crab Orchard Lake is the
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largest at 6,965 acres. The FWS operates the Refuge with land use distributed between

agriculture, industry, recreation and wildlife conservation. The Refuge is a popular

fishing, hunting, camping and recreation area. Over one million visitor-use days per year

are reported. Most of this usage occurs on the western and southwestern portions of the

Refuge, which are separated from the closed eastern portions containing the

manufacturing areas.

On the eastern portion of the Refuge, public access is generally limited to authorized

personnel. Individual industries have security checkpoints for access to their facilities.

Most of the abandoned industrial buildings, as well as the active manufacturing areas, are

located within fenced areas or along roadways which are closed to the public. Additional

unoccupied areas are also closed to the public to protect wildlife and the ecology.

3.8 Ecology

A Preliminary Ecological Risk Assessment (PERA) for the sites has been completed and

is included with this report as Appendix D (Volume 11). A surnmary of habitat and

wildlife on the Refuge are provided below.

The Refuge is composed of five interspersed habitat types. These types include tracts of

second-growth and cutover forests, old fields, open water, industrial facilities and

agricultural lands. The aerial coverage of each habitat type consists of approximately

9,300 acres of open water, 15,200 acres of forests (including 3,000 acres of pine plantations)

11,500 acres of old fields, 5,000 acres of agricultural lands, and 1,500 acres of industrial

facilities (U.S. FWS 1992). A brief summary of each habitat type is provided in the PERA

(Appendix D).

Wildlife inhabiting the Refuge include white-tailed deer, cottontail rabbits, geese, ducks

and bobwhite quail, as well as many non-game species. Crab Orchard Lake supports a

large population of large-mouth bass, channel catfish, bluegill, sunfish, and crappie, which

are available to sports fishermen (O'Brien & Gere 1988). In addition, there are two active

bald eagle nests on the Refuge, one on the southeast side of Grassy Bay and one on the

northeast corner of Little Creek (Ruelle, 1987).
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. .. ........ .......

4.0 QUALITY CONTROL SUMMARY REPORT

The Quality Control Summary Report (QCSR) addresses analytical results, quality control,

data reliability, and any deviations from the field and analytical programs. The QCSR

was prepared for the USACE (19930 by Montgomery Watson. The following are points

from the QCSR which summarize the adherence to QA/QC procedures for Phase-I

investigations as outlined in the Quality Assurance Project Plan (USACE, 1993d).

Data Quality Objectives (DQOs) used for this pro 'Ject were DQO Level I
for screening purposes, and Modified DQO Level 4 for analysis of
confirmational sampling.

There were no deviations from the QAPP.

QA split samples were analyzed by the USACE Missouri River Division
(MRD) Laboratory.

Montgomery Watson validated the analytical results according to the
guidelines presented in the QAPP, laboratory QA manuals, laboratory
SOPs, SW-846 Methodologies, and EPA guidance documents, including
National Functional Guidelines for Organic Data Review, June 1991 and
Laborato!y Data Validation Functional Guidelines for Evaluatim-- Inoreanic
Ana!y �es July 1988.

The specific objectives for the precision, accuracy, representativeness,
completeness and comparability (PARCC) criteria for the project were
generally achieved. The majority of any nonconformances were not
considered to have had impact on data quality. The nonconforniances are
discussed in Section 5.1 of the QCSR (USACE, 19930. Where
nonconformances were considered to impact data quality, qualifiers
accompany the concentrations indicated in Tables 10 through Table 15.
Section 5.1 of the QCSR (USACE, 19930 documents all nonconformances.

Several qualifiers are used in Tables 10 through 15. When the measured concentration

of the sample was below the method detection limit (MDL) it is often reported as not

detected (ND). When the concentration is estimated, the value is qualified with a "J". If

a particular compound was detected at a concentration of less than ten times the

concentration in the method blank, the sample concentration is reported with qualifiers

indicating that is not detected (U) and estimated 0).
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5.0 INVESTIGATION RESULTS

The results of Phase I activities that were required in the Phase-I Work Plans (USACE,

1993a, b, c and d) are described below; the activities included three preliminary site visits

(Sites 21, 27 and 35) and the collection and analyses of samples at thirteen sites (Sites 7,

7A, 8, 9, 1 0, 1 1, 1 1 A, 12, 14, 16, 20, 22A a nd 36).

5.1 Results of Preliminary Site Visits

During Preliminary Site Visit activities at Sites 21, 27 and 35, no specific areas of visual

contamination (e.g., stained soils, seeps or strained vegetation) were observed.

The three sites were also inspected as part of the Phase-I Preliminary Ecological Risk

Assessment. Walkover surveys were completed on July 23, '1993 (see Section 2.2 of

Appendix D) during which no adverse effects on the vegetation or macrofauna were

noted by the Golder Associates ecological scientists.

5.2 Results of Sample Analyses

The results of the Phase-I analyses for TCL VOC, TCL SVOC, TCL pesticides/PCBs,

explosives, dioxins/furans and TAL metals and cyanide analyses are provided in Tables

10, 11, 12, 13, 14 and 15, respectively. The Phase-I analytical results are discussed in this

section in relation to Preliminary Levels of Concern (PLC) and Adjusted Preliminary

Levels of Concern (APLC). The PLCs/APLC are useful for indicating whether a measured

concentration of a constituent is potentially harmful to wildlife or humans. The

PLCs/APLCs are used to screen the sample collection and analytical results to determine

if additional sampling and analyses are warranted. The results of the PERA were also

used to determine if additional sampling and analyses are warranted. Only those sites

from which samples were collected during Phase-I are discussed in this section. The

analytical results which are indicated on the tables as "not detected" (i.e., ND) are not

included in the discussion of investigation results.
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5.2.1 Prelimina[y Levels of Concern

A PLC for each constituent was chosen from a group of candidate values. Table 16 shows

the candidate values for the detected organic compounds. Candidate values for the

organic compounds were compiled from the following sources: 1) residential exposure

scenarios for non-carcinogenic compounds; 2) residential exposure scenarios for

carcinogenic compounds; 3) cleanup objectives for Refuge remediation programs; and 4)

cleanup objectives for a state-wide remediation program; each of these data sources are

described below.

The candidate values from residential exposure scenarios are calculated considering risks

to general populations. Values for non-carcinogenic compounds are based on reference

doses (RfDs) and a Hazard Quotient (HQ) of 0.3; values for the carcinogenic compounds

are based on slope factors (SF) and Incremental Cancer Risk (ICR) of 1 person per

1,000,000 of population. The HQ and ICR values are conservative estimates in that they

allow for additive effects from multiple compounds. The calculation methods are

consistent with the Risk Assessment Guidance for Superfund (RAGS), Volume I Part B

(USEPA, 1989). Appendix C describes the preliminary risk-based calculations.

Cleanup objectives for remediation of PCB-contaminated soils, sediments and sludge at

Refuge sites in the PCB Areas OU and Metals Areas OU were established by the EPA

(USEPA, 1990a &: b). Cleanup objectives for remediation of soils associated wittl leaking

underground storage tanks (LUST) located in Illinois and containing VOCs and SVOCs

were established by the IEPA (lEPA, 1991). These clean-up objectives were established by

the respective agencies at levels to protect human health and the environment. The

clean-up objective values often apply to the total concentration for a group of several

related compounds (e.g., PCBs, carcinogenic polynuclear aromatics (PNAs), non-

carcinogenic PNAs, and BETX (benzene, ethylbeneze, toluene, and xylenes). In these

cases, the value shown in Table 16 for each individual compound, is less than the total

value the for the group.

The PLC chosen for each detected organic compound is typically tile lowest (most

conservative) of the four candidated values, except for PCB compounds where a ROD

value for the Refuge is used. No candidate values are available for clibenzofuran,
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explosive or dioxin/furan compounds. A dioxin/furan PLC is provided in Table 16 that

is based on a value used by EPA Region VII for Missouri remediation sites. A PLC was

not established for the explosive TNT or the SVOC dibenzofuran..

PLC values were adjusted to compensate for potential dilution of the constituent

concentration that may have occurred as a result of collecting and analyzing composite

samples. The adjustment is based on the conservative assumption that the detected

constituent may have been concentrated in only one aliquot. This is more appropriate

for organic compounds (and cyanide, as described below) because they would

presumably be in the samples only as a result of manmade (e.g., industrial) activities.

Composite samples were collected at nearly all sites for the analysis of TCL SVOC and

pesticides/PCBs, TAL metals and cyanide and explosives, except for a few of tile samples

at Site 36 (the Waste Water Treatment Plant). Composite samples from Site 222A (Post

Treating Facility) were also analyzed for dioxins/furans. Discrete samples were obtained

for all samples analyzed for VOCs. Because the composite samples always consisted of

five aliquots (subsamples), the maximurn potential for analyte dilution is 500%. In order

to compensate for the dilution, adjusted PLCs (APLCs) were calculated for the SVOCs,

pesticide/PCB and dioxin/furan compounds by dividing the PLC by five. The APLC

values are used to assess the SVOC, pesticide/PCB, dioxin/furan and cyanide analyses for

the composite samples, whereas PLC values are used to assess the results of discrete

samples (such as all of the VOC samples, and discrete SVOC and pesticide/PCB samples

from Site 36), and the metals analyses - as described below.

For the metals and cyanide, candidate values and the PLCs are presented in Table 17.

The sources of candidate values for the metals and cyanide are residential exposure

scenarios and from RODs, as described above, and the background soil analyses described

in Section 3.4.3. The upper limit of the range of the background soil analyses is used as

the candidate value for the metals in Table '17.

Residential exposure scenario values were used, whenever possible, to derive PLCs for

the metals and cyanide. However, the ROD value is used for lead and the upper limit

of the range of the background results (Section 3.4.3) is used for arsenic, beryllium,

cadmium and thallium. No PLC values are provided for the elements calcium, iron,

magnesium, potassium or sodium because they are non-toxic under environmental
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exposure scenarios (USEPA, 1989). These five elements are, therefore, are not discussed

in Sections 5 or 6.

The PLC for cyanide was adjusted (i.e., decreased 5 fold), as described above for the

organic compounds, because its analysis was performed on composite samples. The

APLC is shown in Table 17. The PLCs for metals were not adjusted because typically all

of the TAL metals are naturally occurring and each aliquot of a composite sample

contains naturally occurring concentrations that are generally within the range of the

background. Therefore, adjusting the PLC for potential composite sample dilution would

not be appropriate for screening the analytical results of TAL metals.

Even though the PLCs are used as a reference or screening tool, the comparisons are not

intended to be an assessment of potential environmental, wildlife or human health risks.

The purpose of screening tile analytical results with the PLCs is to make a preliminary

determination of which sites may require additional investigations. The PLCs cannot, arid

should not, constitute the only basis for evaluating potential site risks. A detailed and

comprehensive assessment of potential site risks will be presented once all significant data

are available.

5.2.2 Site 7 - D Area Southeast Drainage Channel

One composite soil sample was collected (COSE0701/1.7' to 1.8' ISample ID/Depthl) for

analysis of TCL SVOC, pesticides/PCBs, explosives, and TAL metals and cyanide; and one

discrete sediment sample (COSE07OZ/1.9') was collected for analysis of TCL VOCs. Each

investigative sample was split for analysis by the MRD laboratory for tile satire parameters

(COSE0703/1.7 to 1.8' and COSE0704/1.9', for COSE0701 and COSE0702, respectively).

Beryllium was detected in the composite sample at a concentration of 0.92 mglkg which

is above the PLC (0.86 mg/kg). All other reported concentrations of TAL metals were

within the range of background values.

No TCL VOCs, TCL SVOCs, TCL pesticides/ PCBs, or explosive compounds were

detected. The analytical results of the split samples were in agreement with the
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investigative samples. The analyte detected during the previous RI (O'Brien and Gere,

1988) (mercury at 0.3 nig/kg) was riot detected.

5.2.3 Site 7A - D Area North Lawn

At Site 7A, four composite/discrete soil sample pairs were collected for TCL VOCs, SVOCs,

pesticides/PCBs, explosives and TAL metals and cyanide analysis (Figure 5). No QA/QC

samples were collected. No TCL or explosive compounds were detected in the four

samples. TAL analyses indicate that metal and total cyanide concentrations are below the

PLCs.

5.2.4 Site 8 - D Area Southwest Drainage Channel

At Site 8, one composite/discrete soil sample pair was collected for analysis of TCL VOCs,

SVOCs, pesticides/PCBs, and TAL metals and cyanide, and explosives. A second discrete

soil sample was collected for additional TCL VOC analysis (Figure 5). Beryllium was

detected in the composite sample at a concentration of 0.86 mg/kg (COS00801/1.6' to 17)

which is equivalent to the PLC (0.86 mg�kg).

Acetone was detected in both discrete samples (70 Ag/kg; COSO0802/17 and 200 fig/kg;

COS00803/1.6') below the PLC (8,240,000 �Lg/kg). No TCL SVOCs, TCL pesticides/PCBs

or explosive compounds were detected in the site composite sample. Beryllium and

acetone were not detected in site samples collected during the previous RI (O'Brien and

Gere, 1988).

5.2.5 Site 9 - P Area Northwest Drainage Channel

At Site 9, one composite/discrete soil sample pair (COSE0901/2.0'to 2.1'and COSE0901/2.0'

to 2.1'deptli; Figure 15) was collected for TCL VC)Cs, SVOCs, pesticides/PCBs, TAL metals

and cyanide, and explosive analyses.

The composite sample contained beryllium at a concentration of 0.89 rng/kg, which is

above the PLC (0.86 mg/kg).
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No TCL VOCs, TCL SVOCs, TCL pesticides/PCBs, or explosive compounds were detected.

In a composite sample collected during the previous RI, beryllium was not detected, but

mercury (0.009 mg/kg) and PCBs (249 jig/kg) were detected below the PLCS used in this

report.

5.2.6 Site 10 - P Area North Drainaize Channel

At Site 10, two composite/discrete sediment sample pairs were collected (COSE1001/1.5'

to 1.8' and COSE1002/1.6'; COSE1003/1.8' to 2.3'and COSE1004/1.7' depth) for TCL VOC,

SVOC, pesticide/PCB, TAL metals and cyanide, and explosive analyses (Figure 15).

In the southeastern sample, the SVOCs benzo(a)anthracerie at-id benzo(b)fluorarithene

were detected above their respective PLCs. Acetone and methyl ethvi ketone (sample

COSE1002/1.6') and four SVOCs (bis(2-eti-iylhexyl)pl-ithalate, fluoranthene, pherianthrene,

and pyrene; (COSE1001/1.5'to 1.8'), were detected at concentrations below their respective

PLCs. The following is a summary of the PLCs/APLCs and concentrations of organics

compounds detected in Site 10 samples:

Site 10 - Detected VOC's and SVOCs

COSE1001/COSE1002
DETEC.'FION SAMPLE

COMPOUND PLQAPLC LIMIT CONCENTRATION
(SAMPLE I D/DEP-11 J) �,,&/kg) Oig/kg) (Ag1kg)

Acetone (COSEIO(WI.6') 8,240,0(X) zi 83

Betizo(a)anthracene 250 _150
(COSE1001/15'to 1.8) <0.81

Methyl FthO Ketone 4,IZO,000 4 2(
(COSHW2.1.6)

Benzo(b)fluoranthene Z40 341
(COSE1001/1.5'to 1.8) <0.81

Bis(2-ethylhexyl)phthalate 420 390
(COSE1001/1-5'to 1.8') 9143

Huoranthene 128 690
(COSE1001/1.5'to 1.8') 1120

Phenanthrene 140 450
(CC)Sr.,lOO1,q.5,10 1.8) <W2

Pyrene 2.50 510
(COSE1001/1.5'to 1.8') M

1 PLC for total carcinogenic PNAs is 0.8 ing/kg.
2 PLC for total non-carcinogenic PNAs is 840 IL&/kg.
3 Total concentration for total tioncarcinogenic PNAs is 450 to 76 gglkg.
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No TCL VOCs, TCL SVOCs, TCL pesticides/PCBs, or explosive compounds were detected

in the sample from the northwest drainage (samples COSE1003/1.8' to 23 and

COSE1004/1.7).

TAL metal and cyanide concentrations in samples from both stream segments are below

their respective PLCs/APLCs.

In a sample collected further downstream (where the stream discharges into Crab

Orchard Lake) during the previous RI, none of the compounds were detected except

bis(2-ethylhexyl)phthalate at a concentration of 540 ttg/kg and N-nitrosodirnethylarnine

(NDMA) at a concentration of 270 tLg/kg (O'Brien and Gere, 1988).

5.2.7 Site 11 - P Area Southeast Drainage Channel

One composite/discrete soil sample pair was collected (COS01101/1.7 to 1.9' and

COS01102/1.3' depth), for analysis of TCL VOCs, SVOCs, pesticides/PCBs, TAL metals

and cyanide, and explosives. Each of the investigative samples had a sample split that

was analyzed by MRD for the same parameters (COS01103 and COSO1.104, for

COS01101 and COSO1102, respectively).

Beryllium was detected at a level (1.0 mg/kg) above the PLCs (0.86 mg/kg) (1.0 mg/kg).

Acetone was detected below the PLC at an estimated concentration of 280 /,Lg/kg

(COSE1102V1.7depth; Figure 15). No TCL SVOCs, TCL pesticides/PCBs or explosive

compounds were detected in the sample.

The previous RI detected NDMA at a concentration of 63 tLg/kg, 1,1-clicliloroethene at a

concentration of 14 jLg/kg and mercury at a concentration of 51 /Lg/kg in a composite

sediment sample (O'Brien and Gere, 1988). These contaminants were not detected during

Phase-I of this RI.
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5.2.8 Site 11A - P Area Walkway Structures

At Site 11A, four composite/discrete soil sample pairs were collected (Figure 16;

COS011A01/1.5to 1.6'and COS011AO5/1.7; COSOM02�1.7'to 1.9'and COSOHA06/1.7;

COSOlIA03/1.7' to 1.8' and COS011A07/1.7; and, COS011AO4/1.7' to 1.8' and

COS011AO8/1.8'); each of the composite samples were analyzed for TCL SVOCs, TCL

pesticides/PCBs, explosives and TAL metals and cyanide, and each of the discrete samples

were analyzed for TCL VOCs. A duplicate composite/discrete sample pair

(COS01I.AO9/1.5' to 1.6' and COSOM10/1.8') were collected at the sample locations

COSO11AO1/COS011AO5 (Figure 16).

The explosive compound 2,4,6-trinitrotoluene (TNT) was detected at a concentration of

38OAgfkginoneoftliecompositesamples(COSOllAO3VI.7'tol.8'depth;Figurel6). The

pesticide heptachlor epoxide was detected in one sample (COSlIA01/1.5' to 1.6') at a

concentration of 4.4 Ag/kg but was not confirmed in the duplicate sample taken from the

same location. PLCs/APLCs are not established for these two compounds.

Acetone was detected in one sample (COS011AO8/1.8') at a concentration of 52ILg/kg and

methyl ethyl ketone was detected in two samples (COSOlIA07/1.7' and COSOlIA08/1.8'

depth) at concentrations of 4 Ag/kg and 14 Ag/kg, respectively. These two compounds

were detected at concentrations below their respective 111-Cs. No TCL SVOCs, TCL PCBs

or cyanide were detected at Site 1 1A; TAL metals concentrations do not exceed PLC levels.

Sample analyses for the previous RI (O'Brien and Gere, 1988) detected NDMA and total

PCBs at concentrations of 262 tLg/kg and 900 Ag/kg (respectively) in composite sediment

samples collected from the ditch located north of the east-west walkway; and total PCBs

at a concentration of 300 Ag/kg in a composite sample collected from the ditch located

south of the walkway (Figure 16).

5.2.9 Site 12 - Area 1.4 Impoundment

Two composite/discrete soil sample pairs (COS01201/1.8' to 2.2' and COS0120.1/1.8';

COS01202/1.9' to 2.2' and COS01204/1.8' depth) and a duplicate composite/discrete

sample pair (COS01207/1.8'to 22 and COS01208/1.7') were collected at Site 12 (Figure 9).
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Four VOCs and two SVOCs were detected at concentrations below their PLCs and are

summarized as follows:

Site 12 - Detected VOC and SVOC Concentrations

Sample Pair Concentration (composite/di5crete)

COS01201/ CCIS01207/ COS012(V IIL(-'/,.\ III C
COS01203 COS01208 COS01204

Analyte (gg/kg) ULW'kg) (,ug/kg) otg/kg)

Acetone 1700 1,040 59 8,240,000

Methyl E thyl ketone 7.0 7.0 < 4.0 4,120,W0

Methylene chloride 6.0 9.0 ND 85,333

Toluene < 1.0 1.0 I 1 < 11,705

Phenanthrene ND 320 ND <,w2

Pyrene ND 420 _T ND &10

NOTES: ND = Undetected

1 Total concentration of non-carcinogenic PNAs in the sample is in the range 320 to 598 gg/kg.

2 APLC for total non-carcinogenic IINAs is W g&lkg.

No TCL pesticides/PCBs, explosives, or cyanide were detected, and TAL metals were

detected at levels below their respective PLCs.

During the previous RI, analyses indicated that two composite sediment samples and one

composite soil sample from the Site 12 impoundment area contained total organic carbon

JOC) and total Kjeldahl nitrogen at concentrations which ranged between 12,039 mg/kg

and 16,673 nig/kg and between 369 and 2,267 mg/kg, respectively (O'Brien and Gere, 1988).

5.2.10 Site '14 - Area 14 Solvent Storage Draina�re Ditch

At Site 14, two coniposite/discrete soil sample pairs were collected (COSO1401/1.41 to 1.5

and COS01402/1.5'; COSOI403/1.4' to 1.5' and COSO1404/1.5' depth) and analyzed for

TCL VOCs, SVOCs and pesticides/PCBs, TAL metals and cyanide, and explosives (Figure

17).

In the southern discrete sample (COS014OZ11.5'), the sum of the reported concentrations

for the BTEX compounds (benzene, toluene, ethylbenzene, o-xylene and mp-xylene)
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(43,900 jug/kg) was above the PLC for BTEX (11,750 Ag/kg). In the southern composite

sample (COS01401/1.4' to 15), beryllium was measured at a concentration 1.04 mglkg,

which is slightly above the PLC (0.86 jug/kg).

Four organic compounds were detected at concentrations below their PLCs. In the

southern samples (Figure 17), the VOC methylene chloride was detected at a

concentration of 210 Ag/kg (COSO1402�15), and the SVOC di-n-butyl phthalate was

detected at a concentration of 310 Ag/kg (COS01401/1.4' to 15). In the northern discrete

sample (COS01404/1.5'), acetone and methyl ethyl ketone were detected at concentrations

of 88 jug/kg and 7 Ag/kg, respectively.

No TCL pesticides/PCBs, explosive compounds, or cyanide were detected at Site 14.

Sediment samples collected and analyzed during the previous RI detected NDMA at an

estimated concentration of 95 Ag/kg, 4-methylphenol at a concentration of 273 pg/kg arid

bis-(2-ethy1hexy1)phthaJate at a concentration of 270 jug/kg (O'Brien and Gere, 1988).

5.2.11 Site 16 - Area 7 Industrial Park

Samples collected at Site 16 (Figure 11) consisted of two composite/discrete soil sample

pairs (COS01601/0.5'to 0.6'and COSO1602/1.9'; COSO1603/0.7to 0.8'and COSO1604/1.8'

depth) that were analyzed for TCL VOCs, SVOCs, pesticides/PCBs, TAL metals and

cyanide, and explosives. Splits (COSO1605/0.7' to 0.8' and COSO1606/2X) for samples

COSO1603/COSO1604 were analyzed for the same compounds.

Acetone was detected in both investigative samples (21,20 Ag/kg and 22 bLglkg in COS01602

and COSO1604, respectively), at concentrations below the PLC (Figure 18); but riot in the

spit sample (<5.1 [ig/kg; COSO1606), indicating possible laboratory contamination. The

PCB compounds Aroclor-1254 and Aroclor-1260 were detected in soil sample COS01603

at concentrations of 103 [&g/kg and 61 pg/kg, respectively. These concentrations are above

the APLC for total PCBs (100 jug/kg). The PCB compounds were not detected in the split

of sample COS01603 analyzed by MRD (COSO1605).
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No TCL SVOCs, TCL pesticides or explosive compounds were detected in the Site 16

samples. Cadmium was detected at a concentration of 0.9 mg/kg (sample COSO1601) and

4.2 mg/k-g (sample COSO1603). The PLC for cadmium is 1.35 mg/kg.

During the previous RI, SVOCs and PCBs were detected (O'Brien and Gere, 1988). The

SVOCs were detected in a composite soil sample collected on the south side of buildings

5-2 and 5-3 (sample 16-15) and a composite sediment sample (sample 164) from the

north-south ditch (Figure 18). The detected SVOCs and their respective concentrations,

on a wet-weight basis, were bis(2-ethythexyl)phthalate (44 jLg/kg and undetected);

anthracene (estimated at 256 [tg/kg and undetected); chrysene (estimated at 453Ag/kg and

at 41 Ag/kg); dibenzofuran (estimated at 6 and 50 Ag/kg); di-n-butyl plithalate (undetected

and 41 Ag/kg); fluoranthene (389 [tg/kg and undetected); naphthalene (not detected and

estimated at 51 jLg/kg); NDMA (estimated at 115 /.Lg/kg and undetected); phenanthrene

(estimated at 19 and 107 1,tg/kg); and pyrene (estimated at 34 Ag/kg and 365 jLg/kg). These

results were not confirmed by results from this RI; however, detection limits were

elevated with respect to previous (O'Brien and Gere, 1988) reported concentrations, for

all of the compounds except anthracene.

The PCB compound Aroclor 1254, was detected during the previous RI in composite

samples collected north of former building 3-5 (sample 16-14) and south of former

buildings 5-2 and 5-3 (Sample 16-15); the concentrations were 2552 tLg/kg and 280 jtg/kg,

respectively (O'Brien and Gere, 1988, Appendix 1). These results are, generally,

corroborated by the results of this investigations (Figure 18).

5.2.12 Site 20 - D Area South Drainage Channel

The samples collected at Site 20 included one composite/discrete soil sample pair

(COSO2001/1.0' to 2.0' and COSO21001/15 depth) and a duplicate sample pair

(COS02002/1.0' to 2.0' and COS02002/1.5' depth) that were analyzed for TCL VC)Cs,

SVOCs, pesticides/PCBs, TAL metals and cyanide, and explosives (Figure 6).

No TCL VOCs, SVOCs, pesticides/PCBs, cyanide, or explosive compounds were detected.

TAL metals were detected at levels below their respective PLCs.
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Compounds detected during the previous RI (bis(2-ethyihexl)phthaiate at a concentration

of 2320 [Lg/kg, and NDMA at a concentration of 336 /-Lg/kg (O'Brien and Gere, 1.988)) were

not detected.

5.2.13 Site 22A - Post Treating Facility

At each of four Site 22A locations, a composite sample was collected at two depths (Table

2 and Figure 13) and analyzed for TCL SVOCs and pesticides/PCBs, TAL metals and

cyanide, explosives and dioxins/furans. A discrete sample was collected at each of tile

four deeper composite sample locations (Figure 13) and analyzed for TCL VOCs.

The SVOCs berizo(a)antliracene, benzo(a)pyrene, beiizo(b)fluoranthene, and chrysene

were detected at concentrations of 550 tLg/kg, 390 lig/kg, 720 �Lg/kg, and 630 jLg/kg,

respectively. These compounds are all polyriuclear aromatic (PNA) compounds and have

a common PLC (4 [tg/kg; APLC of 0.8 Aglkg) for total PNAs. The PLC for total PNAs was

exceeded with total PNAs of 2290 tLg/kg.

Acetone, methyl ethyl ketone, phenanthrene, anthracene, fluoranthene,

pentachlorophenol, pyrene, benzo(a)anthracene, chrysene, benzo(b)fluorantherle,

benzo(a)pyrene were detected at concentrations less than their PLCs. The VOCs arid

SVOCs detected at Site 22A (Figure 19), their associated detection limits, and their

PLCs/APLCs are listed below:

Site 22A - Detected VOC and SVOC Concentrations

Compound PLQAPLC
Sample ID/location /D Sample

epth Detection
(ug/kg) Limit Concentration

OL&,kg) (491kg)

Acetone 8,240,000
COS022A00,V2.4' 18 65
C0S0ZZA14,/B,,2.5' 19 31
COS022A 12/An- 5' 19 -)3

Methyl ethyl ketone 4,120,000
COSOZZA1VA42.5' 4 5

Pentachlorophenol 1,063
COS(.)22AO3/C,4).6' to 0.8' 10(0 2300

Phenanthrene <8402
COS0221AM/A/1.0'to IT 210 2103

Anthracene 8-")
COS022AWAILVto 1.1' I 140 200
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Compound PLQ.,MILC
Sample ID/Locationl/Depth Detection Sample

�tg/kg) Limit Concentration
�Lg/kg) Oig&g)

Fluoranthene 1120
COSO2,2A(17,,B/L0'to 1.2' 120 260
CC),-,C)22-AIO,,&/1.0'to IX IZ8 580

Pyrene 840
COS022,1%07a/1.0'to 1.2' Z40 240
COS022AIO/A/1.0 to 1.1' 250 590

Benzo(a)anthracene <0.84
COSOMMO/A/1.0'to 1.1, 250 �550

Chrysene, <0.84
COS022A10/13/1.0'to 1.1' 280 6305

Benzo(b)fluoranthene <0.84
COS02ZA07/B/1.0'to 1.2' 221.0 3(X)5
COS022AIO/A/1.0' to 1.1, Z40 7205

Benzo(a)pyrene <0.84
COS022AIO/A/1.0'to 1.1' 250 3905

Notes:
1Locations: A = Far west; B West central; C East central; D Far east
2These compounds are non-carcinogenic PNAs; the APLC for total non-carcinogenic PNAs is 840 g&!,g.
3Total Concentration of non-carcinogenic PNAs in this sample is in the range of 210 gg/kg to 536 liWkg.
4These compounds are carcinogenic PAHs (PNAs). The APLC for total carc inogenic PAHs is 0.8;Lg/kg.
5The total concentration for carcinogenic PAIIs in the sample is 22140 ttg/kg to 3063 ggAcg in sample

COS022AI0, and 3M Ag�kg to 1767 gg/kg for sample COSO212AO7

The pesticides 4,4'-DDT, 4,4'-DDD and 4,4'-DDE were detected (COS022A01, COS022AO2,

and COSOMA03) Figure 19 below the APLCs.The APLCs of these compounds and the

sample concentrations are as follows:

Site MA - Detected Pesticide Compounds

Compound APLC Q109) Detection Sample

Sample ID/Location /Depth Limit Concentration
O.LFIkg)

4,4'-DD'F
COS022AO1J)/0.8' to 1.0, 376 4.0 23
COS022AO21X)j'_.4' to 2.7' 4.1 6.9

COSOMIA03/Q0.6' to 0.81 4.1 36

4,T.DDD 534
COS022.AO1/L)A).8'to 1.0' 4.0 4.0

COS02ZA03iQ'0.6' to 0.8' 4.1 12.1

4,4'-DDE

COS02ZA01/D/0.8'to 1.0' 376 4.0 27

COS022AOW/2.4V to 2.7' 4.1 6(

COS022A031Q0.6' to 0.8' 4.1 11)

Notes: 1. Locations-. A = Far west; B West central; C East central; D Far east

Golder Associates



December 1993 -52- 923-8108.720

Dioxin/furan compounds were detected at each of the Site 22A sampling locations, with

the majority of sample concentrations being above the APLC for total dioxins/furans of

0.2 jig/kg (Figure 19; Table 14). The total concentration of dioxit-Vfuran compounds in

each Site 22A sample is as follows:

Site 22A - Detected Dioxin/Furan Compounds

Total
Sample ID/Locationl/Depth Dioxin/Furan

Concentration
�tg/kg)

COS022AO1/F)A).8' to 1.0' 9.44

COS022AOZ/L)/2.,V to 27 7.63

COS02ZA03/C/0.6' to 0.8' 778.4, 21_1.12

COS02ZA04/C/1.5' to 2.0' 41.3

C0S(')M'k07/B/1.0' to 1.2' 123.3

COS022.AO8 & COS02'-IA13/B/n..O'to 2.5' 53.3, 47.53

COSCIMA10/A/1.01 to 1.11 1133,59.12

COSOMAll/A/2.2'to 2-5' 84.2

otes:

1. Locations: A = Far west; B West central; C = East central; D Par east

2. Second value represents concentration in diluted sample

3. Second value represents concentration in duplicate Sample (COS022AB)

No TCL PCBs, explosives or cyanide were detected at Site 22A. TAL metals were detected

at concentrations below the PLC.

Samples collected and analyzed in 1989 detected five SVOC compounds at concentrations

between 1 ppm and 3 ppm (approximately 1,000 to 3,000 gg/kg; Figure 19; Texas A&M

University, 1989); these specific SVOCs were not detected during the preset-it RI.

5.2.14 Site 36: Waste Water Treatment Plant

5.2.14.1 Site 36 - Dove Creek

One composite/discrete sample pair (COSE3601/0 to 1.0' and COSE3602/1.0) and a

duplicate pair (COSE3609/0' to 1.0' and COSE3610/1.0' depth) were collected from the
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bottom of Dove Creek (Figure 13) and analyzed for TCL VC)Cs, SVOCs, and

pesticides/PCBs, TAL metals and cyanide, and explosives.

Both samples contained concentrations of the pesticide Aldrin and the PCB compounds

Aroclor-1248, Aroclor-1254, and Aroclor-1260 that exceeded the APLCs. The compound

concentrations and their APLCs are shown in Figure 20 and are summarized as follows:

Site 36 Dove Creek - Concentrations of Detected TCL Pesticide/ PCB Compounds

APLC Investigation Sample Duplicate Sample
Compound OZ91kg) (COSF-3001/0.0' to 1.0) (COSEV)OW0.0, to 1.0)

Concentration Concentration
Oig/kg) 0,.g/kg)

Aldrin 7701 790
7.6

Aroclor-1248 89((3 1.5(X)04

Aroclor-1254 < 1002 82003 t�&)(4

< 1002

Aroclor-1260 9503 770
< lt(2

NCYFES:
1 Concentration is estimated
2 These compounds are PC13s; the APLC for total PCBs is 100 g&lkg.
3 Total concentration of 11C13s in this sample is 18050 to 18,342 gg/kg.
4 Total concentration of PCBt, in this sample is 221_570 to 22,82-1 gg/k&

Cadmium was detected above the PLC (1.35 mg/kg) in botli the investigative sample (24

mg/kg; COSE3601), and duplicate sample (6.5 rng/kg; COSE33609; Figure 20).

Acetone was detected below the PLC in both the investigative discrete sample

(COSE3602/1.0') and duplicate discrete sample (COSE3610/1.0') at concentrations of

93 jig/kg and 95 jig/kg, respectively. Fluoranthene was detected at a concentration (120

/Lg/kg) below the APLC in the duplicate sample. Neither of the samples contained

detectable quantities of explosive compounds or cyanide.

O'Brien and Gere (1988) provide information on two previous studies. PCBs were

detected in sediment samples collected from Pigeon Creek, and from the embayment in

Crab Orchard Lake into which Pigeon Creek discharges. The PCB concentrations were

reported to be 200 tLg/kg in the creek (Ruelle, 1983) and 11000 Ag/kg in the bay area

(IDPH, 1987). The latter value is above the PLC for total PCBs (500 li&/kg).
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Pesticide and PCB analyses of sediments collected downstream of tile facility were

performed in 1988 by the FWS (Wade, 1988). The 1988 samples were collected at several

locations (Figure 20) : 1) at the Pigeon Creek discharge into Crab Orchard Lake

(approximately 2 miles downstream of the facility); 2) several hundred feet downstream

of the Quail Creek - Pigeon Creek confluence; 3) at the Dove Creek - Pigeon Creek

confluence; 4) on Dove Creek approximately 1,200 feet downstream of the discharge pipe;

and, 5) on Quail Creek approximately 500 feet downstream of the discharge pipe. All

samples reportedly contained concentrations of PCBs at values less than the PLC (500

jig/kg total PCBs), except the last described sample which had 560 jLg/kg of Arochlor-1,254.

No pesticides were detected.

5.2.14.2 Site 36 - West Pond

One discrete sludge sample was collected from the west pond (Figure 20). Acetone was

detected at a concentration (109 Ag/kg; COSI-3603/0.0' to 1.0') below the PLC. TCL

svocsTCL pesticides/PCBs, TAL metals and cyanide, and explosives were not detected.

5.2.14.3 Site 36 - East Pond

Two sludge samples were collected from the east pond and several SVOCs were detected

(Figure 20). SVOCs detected at concentrations greater than the PI-Cs include the

following: antliraceiie,naptittialerie,aceriapfitlienefluorene,plienatitliret-ie,fluoranthene,

pyrene, benzo(a)anthracene, bis(2-ethylhexyJ)phthalate, chrysene, benzo(b)fluorantliene,

and benzo(a)pyrene. The SVOC 2-niethylnaphthalene was detected below its PLC.

Dibenzofuran was detected, but does riot have a PLC. The compounds, sample detection

limits, concentrations and compound PI-Cs are as follows:
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Site 36 East Pond - Detected SVOC Compounds

Detection Limit Concentration PLC
Compound COSL36(WCOSI..3605 COSL3604/COSI..1605 41g*g)

(gg/lg) (fig/kg

Naphthalene 253,n-)')O 6100/5800

2-MethyInaphthalene 50W/4400 18900/13600 329,6(X)

Acenaphthene 2250/1980 2&W/18300 8,400

Dibenzofuran 19700/13200 NE

Fluorene 22,90/1980 44000,�2�XW 5600

Pherianthrene 28WPA00 �(X)001,n-20001 <4,,((2

Anthracene 2FA)"2100 9400/6-100 42,000

Fluoranthene 19,10,2220 242W] 4400 5600

Pvrene 5OW/4400 139(.X)/8000 4200
500/44W 39(X)�p- vi3

Nonzo(a)anthracene _ (XI <4

Bis(2-ethvlhexyl)phthalate 8301730 1220/ND 45,714

Chrysene 560/490 26103/149(�)3 <44

Ben7o(b)fluor nthene 470/410 390031,18503 <44

Benzlo(a)pyrene .500/440 14403/9(,)o3 44

NOTES:
ND Not Detected

NE Not Established

1 Total concentration or non-carcitiogenic PNAs in this sample is 50,(W to 51, 220 gg�kg (COSL3604) and 32,(X -)O to 31518
g&4,,g (COSL-3(k6)

2 This compound is a non-carcinogenic PNA; the PLC for non carcinogenic PNAs is 42(y) ggikg.
3 Total concentration for carcinogenic PNAs in this sample is 11,850 to 13,393 gg/kF, (COS1.3604) and 6940 to 8291 gWk-g

(Cost-W5).
4 These compounds are carcinogenic PNAs. The PLC for total PNAs is 4 gg�k&

Aldrin, Arochlor-1248, Arochlor-1254, and Arochlor-1260 were detected at concentrations

greater than their PLCs in both East pond samples (FigUre 20). The compounds, sample

detection limits, sample concentrations and compound Pl-Cs are as follows:

Site 36 East Pond - Detected Pesticide and PCB Compounds

Detection Limit Concentration PLC
C0SL3604/COSI-3(A15 CC1SL3604/C0S1-W5 O-tg/kg)

Compound (UWkg) Oig/kg)

Aldrin 4700/4100 3300/1580 .318

Aroclor-1248 9200/80(X) 42W) 1 --071 k J <5)(2

Aroclor-1254 9200MOOO 800001/34WO 1 <.5(K)2

Aroclor-1260 78001/41 00' <5(02

NOTES

1 These compounds are PC-Bs. The concentration of total PC.Bs in these samples is 57,800 to 58,262 gg/kg (CO,-,I Jt,(4) and
58,," to 59,203 jLg/kg (COSL3605).

2 The I'LC for total PCBs is 500 gg/kg. Golder Associates
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Cadmium and antimony was detected in both samples above the PLC. Lead and

thallium were detected above the PLC in the eastern sample (COSL3605).

The sample concentrations and the respective PLCs for these TAL metals are as follows:

Site 36 East Pond - Metals Lxceeding the PLC

Metal Concentration PlIC
(.,'0SL3604/(_'0SL3605 (-Wkg)

(-g/kg)

Antimony 39/19.5 2.41

Cadmium 16.7/27 1.35

Lead 5004320 450

Thallium 0.72/ND 0.63

NOTLD: ND = Not detected

Other TAL metals were below their respective PLC's and within the range of background

concentrations (Appendix B).

VOCs were detected in the East Pond samples at concentrations less than the PLCs

(Figure 20). The western sample (COSL3604) contained 800 jig/kg tnethylene chloride.

The eastern sample (COSL3605) contained 880 pg/kg of acetone, 161 [Lg/kg of rnethyl ethyl

ketone, 61, tig/kg of o-xylone and 58 tig/kg of rnp-xylene.

5.2.14.4 Site 36 - Primary Lagoon

Two sludge samples were collected from the primary lagoon at the locations shown on

Figure 20.

Cadmium was detected in both the northern and SOLIthern sludge samples at

concentrations of 13.0 mglkg (COSL3606/0.0' to 1.0'), and 29 nig/kg (COSL3607/0.0' to 1.0'),

which are above the PLC (1.35 mg/kg). Acetone was detected in both the northern and

southern sludge samples at low-level concentrations of 4 /-tg/kg (COSL3606) and 68 /,tg/kg

(COSL3607), which are below the PLC.
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PCBs were detected in both sludge samples below the PLC (Figure 20). The northern

sample (COSI-3606) contained 59 pg/kg of both Aroclor-1.248 and Aroclor-1254, and the

total PCB concentration was in the range of 118 to 396 pg/kg. The southern sample

(COSLW7) contained Aroclor-1.248 and Aroclor-1254 at concentrations of 150 /.kg/kg arid

180 Ag/kg, respectively.

No TCL SVOCs, TCL pesticides, explosive compounds or cyanide were detected in the

primary lagoon sludge samples.

5.3 Summa[y

Samples were collected at 13 sites for the Phase-I investigation. The samples were

analyzed for a broad range of organic and inorganic parameters. The compounds

detected at each of the sites are summarized in Table 18. TCL VOCs were detected at

nine sites, TCL SVOCs at five sites, cyanide at seven sites, TCL pesticides/PCBs at four

sites, explosives at one site, and dioxitis/furans at one site.

Concentrations of the compounds and analytes were compared to all appropriate PLC

or APLC (adjusted PLC for potential dilution) to determine which sites may require

additional investigations. At Sites 10, 14, 16, 22A and 36, PLCs or API-Cs have been

exceeded for select TCL organic Compounds and clioxins/furans (Site 22A). At Sites 7, 8,

9, 11, 14, 16 and 36 concentrations of select TAL metals exceed PLCs. At Sites 11A, all

explosive compound was detected for which no PLC was established. No compounds

or analytes were detected at Sites 7A and 20.
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6.0 CONTAMINANT FATE AND TRANSPORT

This section addresses: 1) the nature and extent of compounds detected at concentrations

above their PLCs/APLCs at the Misc AOU sites; 2) potential release mechanisms for soil,

sediment and sludge; 3) physical properties which typically control migration of the

compounds of concern in the environment; and, 4) site specific pathways of concern.

This section provides a preliminary evaluation of contaminant fate and transport as a

basis for developing recommendations for Phase-11 investigations.

6.1 Nature and Extent of Contamination

The known distribution of the compounds that were detected at concentrations exceeding

PLCs (compounds of concern), and their possible source(s), are discussed below for the

ten sites where PLCs/APLCs were exceeded (Sites 7, 8, 9, 10, 11, 11A, 14,16, 22A and 36).

Compounds of concern were not detected at three sites (Sites 7A, 12 and 20). Analytes

that are not included in the discussion below are those reported as "non detect" by the

laboratory (ND), those not confirmed in duplicate or split samples, and those detected in

previous investigations but not confirmed during this RI.

6.1.1 Site 7 - D Area Southeast Drainage Channel

Beryllium is present in a composite sediment sample that was collected from the bottom

of a creek at a depth of 1.7 ft. to 1.8 ft. and from an area that extends for approximately

600 feet along the drainage (Figure 5). The detected concentration (0.92 mg/kg) is slightly

above the PLC for beryllium (0.86 mg/kg. The creek is adjacent to an active explosives

manufacturing facility. The source of the metal is unknown.

Three factors suggest that the beryllium levels reported at this site and several other sites,

are a reflection of natural soil variability rather than evidence of site contamination: (1)

beryllium concentrations reported at most study sites (except Site 36 -East Pond) were

only marginally above levels reported for background soil samples. (2) beryllium

concentrations at all sites (except Site 36 - East Pond) were within the range reported for

other media collected from background sites (e.g., till), thus there are natural sources of
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beryllium in the study area, and (3) there is no obvious anthropogenic Source of beryllium

in this area.

6.1.2 Site 8 - D Area Southwest Drainage Channel

Beryllium was also detected at this site in a composite soil sample from below a drainage

channel at a depth of L6 to 1.7 feet and from an area that extends for approximately 300

feet. This creek drains an active explosives manufacturing facilities; the same facility that

is drained by the Site 7 Creek. The beryllium concentration detected is 0.86 mg/kg, which

is equivalent to the PLC. For an explanation for the source of the metal, see Section 6.1.1

above.

6.1.3 Site 9 - P Area Northwest Drainage Channel

Beryllium was detected at a concentration of 0.89 mg/kg in a composite sediment sample

consisting of five subsarnples from a depth of 2.0 to 2.1 feet below the creek bottom and

from an area that extends for a distance of approximately 700 feet along the creek. This

is the same creek as sampled at Site 7. The source of the beryllium is not known; see

Section 6.1.1 above for a discussion concerning possible sources.

6.1A Site 10 - P Area North Drainage Channel

Benzo(a)anthracene and benzo(b)fluoranthene are present above their PL.Cs in strearn

sediments collected from a depth of one to two feet in the eastern portion of Site 10

(Figure 15). These compounds were not detected at Site 9 immediately upstream of Site

1.0, or at other upstream Misc AOU sites (Sites 7, 20 and 11A; Figure 3). The cause and/or

source of the SVOCs is not known.

6.1.5 Site 11 - P Area Southeast Drainaize Channel

Beryllium was detected at a concentration of 1.0 nig/kg in a composite soil sample

consisting of five subsamples from a depth of 1.7 to 1.9 feet below the drainage ditch and

over an area that extends for approximately 200 feet along the ditch. The source of the

beryllium in these samples is not known. The ditch drains an area which includes

Golder Associates



December 1993 -60- 923-8'1 08.720

facilities related to the manufacturing and research and development of explosives. For

a discussion of the possible beryllium source, see Section 6.1.1 above.

6.1.6 Site 11A - P Area Walkway Structures

Soils collected frorn below a drainage ditch at a depth of 1.8 feet contain the explosive

2,4,6-trinitrotoluene (TNT) (Figure 16). The site was investigated because explosive

compounds were once stored in the site area. TNT was not detected in the other three

Site 11A sampleshowever, it may be present at low-levels in the sample areas but not be

apparent because the analytical detection limit for the samples (300, 31.0 and 380 jtg/kg)

were close to the detected concentration (380 It&/kg; COSO11AO3V1.7' to 1.8').

6.1.7 Site 14 - Area 14 Solvent Storage Drainage Ditch

The results of this investigation indicate that soils underlying a drainage ditch at a depth

of approximately 1.5 feet have been impacted by ethylbenzene, o-xylene, mp-xylene, and

beryllium (Figure 17). Inks and ink-stained soils were observed at the two northernmost

grab sample locations during the collection of the sample. The compounds of concern

may be from drurn and bulk storage areas which contribute runoff to the drainage way.

The compounds may then have leached from the sediments into the underlying soils.

6.1.8 Site 16 - Area 7 Industrial Park

Soils collected from a depth of 0.7 to 0.8 feet contain concentrations of PCB compounds

Aroclor 1254 and Aroclor 1260 that exceed the APLC for total PCBS. The results of the

previous RI indicate that the source of the PCB compounds may be former buildings 3-5,

5-2 and 5-3. These buildings were used for oil recycling and mining equipment

rehabilitation; the oil recycling operation may have been a Source of PCBs.

6.1.9 Site 22A - Post Treating Facility

Soils at Site 22A are impacted with four SVOCs. The samples were collected in all area

which extends over a distance of approximately 160 feet and at a depth of approximately

one foot (Figure 19). In addition, several dioxin/furari compounds are present above the
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PLC values at depths between 0 and 3 feet, and spanning an area which extends a

distance of approximately 320 feet (Figure 19). The compounds may be attributed to the

post treating facility formerly located at the site.

6.1.10 Site -36 - Waste Water Treatment Plant

Compounds of concern at Site 36 are present in three areas: Dove Creek, the East Pond,

and the Primary Lagoon (Figure 20). Dove Creek contains concentrations of a pesticide,

PCBs and cadmium above PLCs. Previous investigations detected concentrations of PCBs

(less than the PLC) downstream in Pigeon Creek. The East Pond contains 12 TCL SVOCs,

several PCBs, and four TAL metals at concentrations above the PLCs. The Primary

Lagoon contains elevated levels of cadmium above the PLC. The lagoon also has PCBs

at levels below the PLC. A previous investigation detected PCBs at levels below the PLC

in a drainage channel downstream of the pond and the lagoon. The source of

contamination at these locations is believed to be effluent and/or overflow (excess

capacity) from the waste water treatment plant.

6.2 Release Mechanisms and Potential Pathways

Compounds of concern released from source areas may be transported to additional areas

by any one of several pathways. The general release mechanisms for soil, sediment and

sludge materials and the transport pathways, are summarized as follows:

Erosion of soils by surface water runoff,

windblown particulate (dust) transport,

transport of soil and sediment by foot traffic,

displacement of sediments/sludge from stream channels or ponds by
episodic flood events,

lateral movement of bedload sediments by surface water,

volatilization of compounds from soils into the atmosphere,

chemical leaching of contaminants from soils, sediments and sludges into
underlying soils, groundwater or surface water.
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Table 19 indicates the relevant potential pathways for each of the source media

encountered at the Misc AOU sites. The mechanism(s') by which compounds are released

and transported depends on the physical setting of the source and physical/chernical

properties of the specific compounds. Volatilization and leaching of compounds are

controlled by the Compounds' physical characteristics, as discussed in Section 6.3.

The transport of compounds may potentially impact environmental media in other areas.

For example, impacted soils eroded by precipitation or surface water will potentially

contaminate down slope soils and sediments. Impacted wind-blown dust may impact the

ambient atmosphere and downwind soils. Impacted soils and sediments transported by

foot traffic will potentially contaminate areas adjacent to trails. Sediments transported by

overbank flow may impact soils in low-lying areas adjacent to the strearn or pond.

Similarly, transport of bedload material will potentially impact down strearn sediments.

The migration of compounds by leaching may impact groundwater clowrigradient of tile

source. The size and location of the area potentially impacted by the compounds of

concern will generally be dependent on the strength and direction of the release and

transport mechanism. These impacts are summarized in Table 19.

6.3 Physical Properties of Compounds

Compounds in each of the respective analytical groups (i.e., VOCs, SVOCs,

dioxins/furans, PCBs, metals, etc.) often have similar physical characteristics. Rather than

describing the individual characteristics for each constituent, indicator COMPOUnds are

selected from the individual analytical groups to represent the general transport behavior

for the group.

Desirable characteristics of an indicator compound are high toxicity of similar mobility.

Using a compound with these characteristics will lead to a conservative estimate of tile

potential for contaminant transport. Determining which compounds (of those detected)

would make good indicators is facilitated by calculating an indicator score, as described

in EPA guidance (USEPA, 1986). The indicator score is the ratio of a representative

measured concentration and the toxicity constant for the compound. Of the commonly

detected VOC, SVOC, PCB and dioxin compounds, four compounds have toxicity

constants available: benzo(a)anthracene, polychlorinated biphenyls (PCBs), 2,3,7,8-TCDD
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(a dioxin) and bis(2-ethylhexy1)phthalate. Using the maximum concentrations measured

during Phase I ( 3.9 mg/kg for benzo(a)anthracene, 129.8 nig/kg for total PCBs, and 1.2

mg/kg for bis(2-ethylhexyI)phthaIate at Site 36 (COSL3604/0.0' to 1.0') ; 0.778 mg/kg for

total dioxin/furans at Site22A (COSO22A03/0.6'to0.8'); the indicatorscores are calculated

to be 1.1 X 10-4, 3.6 X 10-' and 3.4 X 10-9, and 0.12 respectively (Table 20). As a result Of

its extremely low score, bis(2-ethyihexyl)phthalate was not used as an indicator

compound.

Two additional indicator compounds were included in this discussion to better represent

the types of compounds detected during Phase 1. Pyrene was included because it is a

polynuclear aromatic hydrocarbon (like benzo(a)anthracene); it was detected more

frequently, and measured at generally higher concentrations during Phase 1, than

benzo(a)anthracene. The fifth indicator compound is acetone. Acetone is a volatile

organic compound. It has been included because it has physical properties which are

very different from the properties of compounds in the SVOC, PCB and dioxin/furan

groups. Therefore, VOCs could be expected to exhibit different fate at-Id transport

tendencies. Acetone was included rather than the VOCs which were detected at

concentrations above PLCs (ethylebenzene, o-xylene, or rnp xylene) because it is more

mobile in the natural environment and, therefore, represents a more conservative

assessment of fate and transport.

The physical properties of these indicator compounds are described below, and included

in Table 21. The data have been taken from Exhibit AA of "Superfund Public Health

Evaluation Manual" (USEPA, 1986), "Carcinogenically Active Chemicals" (Lewis, 1991) and

"Handbook of Environmental Data on Organic Chemicals" (Verschueren, 1983).

6.3.1 Polychlorinated Biphenyls (PCBs)

PCB compounds were once used extensively in electrical equipment (transformers and

capacitors), and in the formulation of lubricating and cutting oils, pesticides, plastics,

adhesives, inks, paints and sealants. They are probable hurnan carcinogens.

PCBs, as a group, have extremely high octanol/water partition coefficients (log K,,,,) which

indicates they strongly adsorb onto soil particles. They exhibit low water solubility
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(indicating that they do not easily leach into water), and very low vapor pressures

(indicating that they do not readily volatilize into the atmosphere) (Table 21). These

characteristics indicate that PCBs do not migrate significantly from the soil, sediment or

sludge materials onto which they are attached. However, if tile matrix materials were

transported, they would be accompanied by the PCB compounds. Available data indicate

that PCBs are very resistant to biodegradation, and they are known to accumulate in the

fatty tissues of organisms.

6.3.2 Semi-Volatile Organic Compounds (SVOCs)

Benzo(a)anthracene is a constituent of crude oil and its byproducts, bitumen, wood

preservative sludges and coal tar. The compound is also associated with tile byproducts

of combustion (e.g., ash and cinders). Available information indicates that the compound

is not very biodegradable. It is a probable human carcinogen.

Benzo(a)arithracene is a polynuclear aromatic compound that has a very high log K.w,

very low water solubility and extremely low vapor pressure, Consequently,

benzo(a)anthracene would migrate in a fashion similar to PCBs (i.e., via soil erosion and

airborne dust).

Pyrene is also a constituent of crude oil and many of its byproducts, bitumen, coal tar,

and byproducts of combustion. Available data indicate that the compound is [moderately

biodegradable. Pyrene is a possible human carcinogen.

Pyrene is a polynuclear aromatic hydrocarbon compound with a high log K,.,,,, low water

solubility, and very low vapor pressure. It is, however, fairly Soluble in the preset-ice of

organic solvents. Generally, pyrene would tend to migrate in tile same potential

pathways as benzo(a)anthracene, and PCBs. If high concentrations of organic solvents

are also present, pyrerie may leach into groundwater.

6.3.3 Dioxins/Furans

Dioxins/furans are a family of compounds which typically has an extremely high log Kw,

very low water solubility, and very low vapor pressure. Dioxins/furans would migrate
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in the same potential pathways as PCBs and berizo(a)anthracene. Available data indicate

they are very resistant to biodegradation (Verschueren, 1983) and may accumulate in

organisms. Dioxins vary in their toxicity: 2,3,7,8 TCDD is a probable human carcinogen,

HxCDD a probable carcinogen, PeCDD and OCDD are possible carcinogens, and the

other dioxin compounds and the furan family of compounds are generally less toxic

(Lewis, 1991). No 2, 3, 7, 8 TCDD was detected in samples from Site 22A. Toxicity

equivalence factor (TEFs) for these compounds are provided in Appendix Ill of the PERA

report (Appendix D).

6.3.4 Volatile Organic Compounds (VOCs)

Acetone is part of a class of VOCs called keystones. It has a low log K,,,,, relatively high

water solubility, arid relatively high vapor pressure. Unlike the SVOC indicator

compounds, acetone has a low affinity for soils, is miscible in water, and would terid to

volatilize from soi-I into the atmosphere. Consequently, acetone Would migrate via very

different potential pathways frorn those described above. The compound is non-

carcinogenic.

6.3.5 Inorganic Compounds

Inorganic compounds (e.g., TAL metals arid cyanide) arc, riot represented by indicator

compounds because of the complexity of their migration behavior. Typically they migrate

under conditions very similar to SVOCs, dioxins and PCB compounds. They have an

affinity for soils, sediments and sludges, especially organic-rich materials, arid do not

readily volatilize or leach into ground and surface water.

Beryllium is one of the more commonly detected metals. Relative to other elements under

environmental conditions beryllium, reportedly has low mobility, in oxidizing, acid and

neutral to alkaline conditions, and very low mobility to immobile in reducing conditions

(Levinson, 1980). According to material safety data sheets for beryllium, it is used for

aerospace structures, radio tube parts, inertial guidance systems computer parts,

beryllium-copper alloys, gyroscopes; used as an additive to solid propellant rocket fuels,

as a neutron source and as a neutron moderator and reflector ill nuclear reactors.

According to another information source (Bureau of Mines, 1980), beryllium has
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numerous and diversified uses; its predominant use in the U.S. is in electronic switchgear,

brake shoes and heatshield in aerospace applications; lesser amounts of beryllium are

used in the U.S. for plastic molds, dies, tools, springs, tubes, diaphragms, various

beryllium compounds, targets for neUtron activation analysis equipment and radiation

windows. Beryllium is a probable human carcinogenic.

6.4 Pathways of Concern

Each site with elevated concentrations of hazardous constituents may impact human

health and the environment via several potential pathways. The pathways which offer

the greatest potential threat for the transport of the compounds of concern are identified

as the pathways of concern. The pathways of concern, discussed below on a site-specific

basis, have been established based on the physical features of the individual sites, and

physical properties of the contaminants present.

6.4.1 Site 7 - D Area Southeast Drainage Channel

The compound of concern, beryllium is found in creek sediments. The pathways of

concern are tracking of the sediments by foot traffic and movement of the sediments

downstream by bedload transport processes. Leaching is not a pathway because the

metal is essentially insoluble in water.

6.4.2 Site 8 - D Area Southwest Drainage Channel

Beryllium is found in soils. The pathway of concern is surface runoff that could carry the

soils downstream.

6.4.3 Site 9 - P Area Northwest DrainaQe Channel

Beryllium is found in creek sediments. The pathways of concern are tracking of

sediments by foot traffic and movement of the sediments downstrearn by bedload

transport process.
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6.4.4 Site 10 - P Area North Drainage Channel

PAI-Is are found in Site 10 sediments collected from a depth of approximately 1 foot below

the bottom of the stream channel. A minor pathway of concern for Site 10 includes the

tracking of sediments by foot traffic.

In the past, episodic overbank flow may have deposited impacted sediments onto tile

nearby floodplain, and bedload transport may have carried sediments further

downstream. Beaver dams presently control the stream level, thereby minimizing stream

energy levels necessary for bedload transport to occur, and reducing episodic flooding in

the site area.

Leaching of compounds is not believed to be a significant pathway, because

benzo(a)anthracene, and the related compound berizo(b)fluoranthene, are relatively

insoluble.

6.4.5 Site 11 - P Area Southeast Drainage Channel

Beryllium is found in soils at a depth of approximately one foot below the bottom of a

drainage way. The pathway of concern is surface runoff that would carry the soils

downstream.

6.4.6 Site 11A - P Area Walkway Structures

TNT is present in soils in a drainage ditch. The compound is very sparingly soluble in

water (Table 21 ) and biodegradable in surface water (Verschueren, 1983). The pathways

of concern are bedload transport, overbank flow and foot traffic.

6.4.7 Site 14 - Area 14 Solvent Storage Drainage Ditch

The VOCs o-xylene, mp-xylene and ethylbenzene are present in soils, and possibly in

sediments, at concentrations above the Pl-Cs. The pathways of concerti include leaching

into groundwater, sediment transport, tracking, dust transport and volatilization.

Leaching is an important mechanism because VOCs have moderate water solubility and
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can therefore migrate into groundwater or surface water. The area of groundwater that

could potentially be impacted will be controlled by local groundwater conditions.

Sediment transport, tracking and fugitive dust emissions a re pathways of concern because

xylenes and ethylbenzene have a strong affinity for soil/sediment particles (their low KOW

values are approximately 3.2). Volatilization is also a pathway of concern because the

vapor pressure of the compounds is moderate (approximately 10 mm Hg).

6.4.8 Site 16 - Area 7 Industrial Park

PCBs, at concentrations above APLCs, are in soils that were collected from below the

mouths of tributaries to the north-flowing drainage way. The pathways of concern

include soiVsediment transport and tracking.

6.4.9 Site 22A - Post Treafin�,, Facility

Dioxins/furans and several SVOCs are present in near-surface soils. The most probable

release mechanisms for impacted soils from the site are surface runoff, fugitive dust

emissions, and foot traffic. Leaching of the compounds of concern to groundwater is riot

likely because the compounds do not readily ]each into water, and the fine-grained

natural soils would inhibit extensive migration. This release mechanism should riot be

dismissed entirely, because the depth to the water table, and depth to the- shallowest

aquifer, are not known. Volatilization is riot a mechanism of concern because of the very

low vapor pressures typically exhibited by the site compounds (i.e., SVOCS arid

dioxins/furans) that exceeded PLCs.

6.4.10 Site 36 - Waste Water Treatment Plant

At Dove Creek, the most probable release mechanisms for the impacted sediments are

bedload transport, foot traffic and overbank flow. The possibility of transport of the

compounds of concern via leaching is not considered significant because of the low

solubility of the compounds.
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At the East Pond and the primary lagoon, the pathways of concern are leaching of

compounds into the surface water and/or ground water. Transport of impacted sludge

by episodic flooding may occur as a result of high rainfall or overfilling.
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7.0 SUMMARY, CONCLUSIONS AND RECOMMENDATIONS

This Misc AOU Phase-I RI has been performed in compliance with Section 7.2 of the FFA

and in accordance with CERCLA/SARA, the NCP, and approved RI Work Plans. The

objectives of the Phase-I RI were to gather analytical and ecological data to characterize

sites that have been identified as having potential contaminant sources. A total of 19 sites

within the Refuge property were investigated for Phase-1. Eighteen sites were

investigated that are included in the Misc AOU, as defined by the FFA. One additional

site (Site 22A; a post treating facility) was investigated and is being considered for possible

inclusion in the Misc AOU.

Work was performed in accordance with the Project Work Plans approved by the EPA

and IEPA. The Phase-I RI Scope of Work included the following activities:

Conducting preliminary site visits of three Misc AOU sites (21, 27 and 35)
to determine whether or not Phase-I environmental sampling is warranted.

Collecting f rom 13 sites (Sites 7, 7A, 8, 9, 10, 1 1, I 1. A, 12, 14, 16, 20, 22A and
36), a total of 61 investigative samples consisting of surface soils, sediments
and sludges, and analyzing them for TCL VOCs, TCL SVOCs, TCL
pesticides/PCBs, dioxins/furans, explosive compounds, and TAL metals and
cyanide.

Preparing a preliminary ecological risk assessment (Appendix D) of sites
investigated by this RI to determine which of the Misc AOU sites may
safely be assumed to pose no threat to ecological receptors and which sites
may require additional ecological work.

Based on results from Phase-I investigations, the major conclusions and recommendations

for Phase-11 RI activities are provided in the following subsections.

7.1 D Area Sites 7 and 8

One composite sample taken at each of Sites 7 and 8 had elevated concentrations of

beryllium (relative to the PLC). Other metals did not exceed Pl-Cs and organic

compounds were not detected. Site inspections and preliminary screening, based on

Phase I analytical results, completed as part of the PERA (Appendix D) indicate that there
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is little likelihood of potential ecological risk at these sites. Thus, no further investigations

are recommended at Sites 7 and 8.

7.2 D Area Site 7A

At Site 7A, no organic analytes were detected arid the reported metal concentrations are

below their respective PLCs. Site inspections and preliminary screening, based on Phase

I analytical results, completed as part of the PERA (Appendix D) indicate that there is

little likelihood of potential ecological risk at these sites. Thus, no further investigations

are recommended at Site 7A.

7.3 Sites 13, 18, 21, 27 and 35

Phase I samples were riot collected arid analyzed at Sites 13, 18, 21, 27 or 35. Site history,

site inspections and preliminary screening as part of the PERA (Appendix D) indicate that

there is little likelihood of potential ecological risk at these sites. Thus, no further

investigations are recommended.

7.4 P Area Sites 9, 11 and IIA, D Area Site 20 and Area 14 Site 12

Samples from Sites 9 arid 11 have elevated concentrations of beryllium (relative to the

PLC); other metals are at concentrations below their respective PI-Cs; and, no organic

compounds were detected. At Site 12, organic compounds and funerals are reported at

concentrations below their respective PLCs/APLCs. At Site 11A, metals are reported at

concentrations below their respective PLCs, and an explosive compound was detected for

which no PLQAPLC is provided. At Site 20, no organic analytes are reported and metal

concentrations are below their respective PI-Cs.

At these sites, the findings of the preliminary ecological risk assessment (Appendix D)

indicate that there is little likelihood of ecological risk from the reported organic

compounds. However, silver and/or arsenic concentrations are identified in the PERA

as potential hazards to ecological receptors. The PERA recommends that additional risk

assessment of these sites be completed using the Phase If analytical results frorn other

selected sites (10, 14, 16, 22A, and 36).

Golder Associates



December 1993 -72- 923-8108.720

7.5 Site 10 P - Area North Drainage Channel

TCL SVOCs are present above PLCs and the PERA (Appendix D) identified that potential

hazards to ecological receptors exist. The pathways of concern for Site 10 are tracking of

sediments by foot traffic, episodic overbank flow onto the nearby floodplain and bedload

transport.

An additional investigation phase is recommended for Site 10 to obtain the following

objectives:

1. Obtain additional data concerning TCL SVOCs that were reported in the
impacted sample area.

2. Assess whether SVOCs have adversely impacted soils in low lying areas
to the northwest and southwest of the impacted area.

3. Evaluate the presence of TCL SVOCs in downstream sediments. This
objective will include assessing the presence of SVOCs reported in the
previous RI at the stream mouth area.

4. Evaluate whether the compounds of concern are absent in upstream (Site
9) sediments.

5. Assess whether surface water has been impacted.

6. Assess whether ecological species have been impacted and better quantify
the risk to ecological receptors.

To meet the above objectives, the following Phase If investigations are recommended:

1. Collection and analysis of discrete sediment samples from locations
adjacent to Phase I composite subsample locations in the perennial stream.

2. Collection and analysis of soil samples from low lying areas to the
northwest and southwest of the impacted area.

3. Collection and analysis of discrete sediment samples downstream frorn the
known impacted area.

4. Collection and analysis of discrete sediment samples from point bar
deposits upstream of the known impacted area. The area upstream of Site
10 (Site 9) was investigated as part of Phase 1. Compounds of concern
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were not detected in a composite sample; however, the SVOC detection
limits were elevated with respect to API-Cs.

5. Collection and analysis of biota target species to better quantify the
conservative assumptions used in the preliminary ecological risk
assessment.

7.6 Site 14 - Area 14 Solvent Storage Drainage Ditch

O-xylene, mp-xylene and ethylbenzene are present in Site 14 soils, and possibly in

sediments, at concentrations above the PLC. The pathways of concern include leaching

into groundwater, sediment transport, tracking, fugitive dust ernissions, and volatilization.

Therefore, additional investigations are recommended for Site 14. Phase 11 objectives for

Site 14 include the following:

1. Assess the vertical and lateral extent of the area impacted with VOCs.

2. Evaluate the presence/absence Of Compounds of concern in soils/sediments
immediately upstream of the impacted area.

3. Locate possible source areas for the compounds of concern identified in
the impacted area.

4. Assess whether surface water quality has been it-ripacted by VOCs detected
in site soils.

5. Assess whether shallow groundwater quality has been impacted by VOCs
detected in site soils.

To meet the above objectives, the following Phase 11 investigations are recommended.

1. Conduct a soil �--as survev.

2. Based on results for the so'il gas survey, collect select soil/sediment samples
for analysis.

3. Collect discrete soiVsediment sample(s) from the drainage way upstrearn
of the known impacted area to assist with identification of possible sources
for the compounds of concern reported during Phase 1.

4. Collect discrete soil samples from two potential source locations south of
the impacted area. These areas include a grassy lawn approximately 50
feet to the southeast, and an existing drum storage area approximately 70
feet to the southwest.
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5. Collect surface water samples.

6. Collect groundwater samples from 3 shallow test monitoring wells
(TMWs).

7.7 Site 16 - Area 7 Industrial Park

PCB compounds are present at levels above the APLC for total PCBs in soils taken from

below several drainage ways. The pathways of concern are soil/secliment transport and

foot traffic.

Recommended Phase 11 sampling objectives include:

1. confirming the presence of PCB compounds in the Phase I sample area;
and

2. determine if the compounds are present in upstream soils/sedirnents as
reported in the previous RI.

Recommended Phase 11 investigative activities include the collection of discrete

soivsediment samples at Phase I and previous RI sample locations.

7.8 Site 22A - Post Treating Facility

At Site 22A, soils collected from a depth of approximately one foot contain concentrations

of four TCL SVOCs above their respective PLC values and soils collected from depths of

approximately one to three feet contain concentrations of several dioxin/furan compounds

above the PLC values. The most probable release mechanisms for contaminants from the

site are fugitive dust emissions, foot traffic, surface runoff, and leaching to Shallow

groundwater.

The Phase-11 objectives at Site 22A include the following:

1. Determine the extent (vertical and lateral) of SVOCs and dioxin/furan
compounds in an area;.

2. More accurately quantify the concentrations of SVOCs and dioxin/furan
compounds within the area where Phase-I composite samples were
collected.
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3. Assess down-wind areas to evaluate whether impacted dust/soils have
been carried off-site by wind.

4. Assess if the SVOCs and dioxin/furan compounds have impacted shallow
groundwater quality at the Site.

5. Assess whether ecological species have been impacted by contaminants
that have been detected above PLCs.

To address these objectives, the recommended Phase-11 activiites include the following:

1. Collect several discrete near surface and subsurface soil samples to
evaluate the area, and vertical extent of contamination.

2. Collect a downwind soil sample.

3. Collect shallow groundwater samples frorn test monitoring weils.

4. Collect ecological samples to quanitify ecologic exposure pathways.

7.9 Site 36 - Waste Water Treatment Plant

Concentrations of constituents above preliminary levels of concerti were detected at Site

36 in the following three areas: Dove Creek, the East Pond, and the Primary Lagoon.

Dove Creek

Dove Creek has concentrations of PCBs and cadmium above the PLCs and the PERA

(Appendix D) has determined that a potential threat to ecological receptors may exist.

The most probable release mechanisms for the impacted sediments are bedload transport,

foot traffic and overbank flow.

Phase 11 investigations for Dove Creek are recommended, to achieve the following

objectives:

1. Assess the vertical and lateral extent of potential contaminants within the
Phase I sample area.

2. Assess whether sediment/soil in Dove Creek downstream of the Phase I
sample area contains the compounds reported during Phase 1.
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3. Evaluate whether tile water quality of Dove Creek has been adversely
impacted by the compounds of concern.

Recommended Phase 11 investigations for Dove Creek include the following:

1. Collect discrete sediment/soil samples from 2 depths (O to 1 and 2 to 3 feet)
at several locations within the Phase I sample area.

2. Collect discrete sediment/soil sample(s) from Dove Creek between the
downstream margin of the Phase I sample area and the confluence of
Pigeon Creek.

3. Collect a surface water sample downstream of tile known impacted area
of creek sediments.

East Pond

Sludges in the East Pond contain 12 TCL SVOCs, several TCL PCBs, cadmium, lead and

thallium above PI-Cs. A nearby drainage way is impacted by PCBs. The pathways of

concern include leaching of compounds into the surface water and/or groundwater, and

transport of contaminated sludge by episodic flooding.

Phase 11 objectives for the East Pond include the following:

1. Estimate the approximate Volume of sludge for remedial considerations.

2. Assess the vertical extent of the adversely impacted sludge.

3. Evaluate whether East Pond Sludges contain dioxin/furan compounds.

4. Evaluate whether the soils underlying the pond are adversely irnpacted by
the constituents detected above PI-Cs in sludge.

5. Evaluate whether sediments in the former drainage way are adversely
impacted.

6. Assess the extent of impacted soils in low-lying areas adjacent to tile pond
oil the west. This area periodically receives overflow frorn tile pond.

7. Assess the pond water quality.

8. Assess whether shallow groundwater quality has been adversely affected.
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Recommended Phase 11 investigations for the East Pond include the following:

1. Measure the depth to the sludge/underlying soil interface at several.
locations in the pond.

2. Collect discrete samples of sludge at areas of the Pond not sampled during
Phase 1.

3. Collect discrete samples of soil below the bottom of the sludge layer.

4. Collect a discrete soil/secliment sample from the former drainage way
leading south from the pond to Quail Creek.

5. Collect a discrete sample from low-lying areas adjacent to and west of the
pond.

6. Collect a surface water sample from the pond.

7. Collect shallow groundwater samples from TMWs.

Primai3� Lagoon

The primary lagoon contains cadmium above the PLC. The principal pathway of concern

is leaching Of Compounds into the surface water and/or groundwater Transport of

sludge by episodic flooding may also occur as a result of high rainfall or the storage

capacity is exceeded by the release of effluent.

Phase 11 objectives for the Primary Lagoon include the following:

1. Determine the approximate areal extent of tile impacted sludge in tile
lagoon.

2. Evaluate the impact, if any, on surface water quality.

3. Assess whether the downstream sediments/soils in Quail Creek have been
adversely affected.

4. Evaluate whether shallow groundwater quality has been adversely
impacted.

Recommended Phase 11 investigations for the Primary Lagoon include the following:
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1 . Collect discrete sludge samples at various depths.

2. Collect surface water samples.

3. Collect discrete sediment samples from Quail Creek.

4. Collect shallow groundwater samples from test monitoring wells..

Site 36 Ecoloizical Investijzations

Recommended ecological studies at Site 36 would focus on assessing the extent of

contamination and to more accurately quantify potential risks to ecological receptors.

Ecological sample collection and analysis is recommended for target species.

The Scope of Phase-11 Remedial Investigations of the Misc AOU will be detailed in a Work

Plan for Agency review and approval.
(G872671-8.%vp1/,rh)
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TABLE 1

PHASE - I RI ACTIVITIES
MISCELLANEOUS AREAS OPERABLE UNIT

Site
Number Area Site Name Phase-I Activi!y

7 D Area Southeast Drainage Channel Sampling
7A D Area North Lawn Sampling
8 D Area Southwest Drainage Channel Sampling
9 P Area (North) Northwest Drainage Channel Sampling
10 P Area (North) North Drainage Channel Sampling
11 P Area Southeast Drainage Channel Sampling
11A P Area (North) Walkway Structures Sampling
12 Area 14 Impoundment Sampling
13 Area 14 Change House No Investigations
14 Area 14 Solvent Storage Drainage Ditch Sampling
16 Area 7 Industrial Park Sampling
18 Area 13 Loading Platform No Investigations
20 D Area South Drainage Channel Sampling
21 Area 7 Southeast Corner Field Preliminary Site Visit
22A Old Refuge Shop Post Treating Facility Sampling
241 Pepsi Plant West Drainage Ditch No Further Action
251 Crab Orchard Creek Marion Landfill No Further Action
261 Crab Orchard Creek Marion Sewage Treatment Plant No Further Action
27 Crab Orchard Creek Dredge Area Preliminary Site Visit
30 Area 13 Munition Control Site No Investigations
31 None Established Refuge Control Site No Invesitgations
34 Crab Orchard Lake Crab Orchard Lake No Investigations
35 Area 9 East Waterway Preliminary Site Visit
36 Area 3 North Waste-Water Treatment Plant Sampling

Footnotes:

I Not located within Refuge boundaries, nor owned by DOI; FFA specifies No Further Action.

(08721459.wpl\djo
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ANAL SIS (2)
Site Sampling Sampling Investigative Sample Type TCLSVOC(9270) TCLVOCA DIOXINYFURANS

Number Date Depth (1) Sample TCL PeWPCBs (9240) (9280)
and (ft.BGS) Number TAL Metals (6010)
Area Cyanide (901 0)

Explosives (8330)

7:
D Area 05/07/93 1.7 to 1.8 COSE0701 Iff vestigative-Composite x

1.9 COSE0702 Investigative-D6orate x
1.7 to 1.8 COSE0703 SpliWomposite for COSE701 x

1.9 COSE0704 SplitDisorctc for COSE0702 x

7A.- 05/07/93 1.4 COS07AOI Investigativc-Composite x
D Area 1.9 COSOM02 lavestigative-Discrete x

1.5 to 1.6 COSOM03 Ivvestigative-Composite x
1.9 COSO7A04 luvestigative-Discrete x

1.6 to 1.7 COSOM05 Invatigative-Composite x
1.9 COSO7A06 Investigative-Discretv x

1.5 COSO7A07 lvvestigafivc�Compositc x
1.9 COSO7A08 InvcAigative-Discretc x

D Area 05/06/93 1.6 to 1.7 COSO0801 Investigative-compositc x
1.7 COSO0802 Investigative-Discrete x

05/10/93 1.6 COS00803 lavegfigative-Discrete x

06/08/93 1.6 to 1.7 COSO0801 Investigative-Compositc x
(R-mpling)

9:
P Area 05/06/93 2.0 to 2.1 COSE0901 Inveatipfive-Composite x
North 1.9 COSE0902 Iffvcatigative-Disoretc x

2.0 to 2.1 COMS0901 M&IMS13-Composite for COSEO"l x

06/08/93 2.0 to 2.1 COSE0901 Investigativc-Composite x
(Resampling) 2.0 to 2.1 COI�M901 MSAOD-Compoeitc for COSE0901 x

10:
P Area 05/09/93 1.5 to 1.9 COSE1001 Investigative-Composite x
North 1.5 to 1.9 COMS1001 MS/WD-Composite for COSE1001 x

1.6 COSE1002 Imcstigative-Disorctc x

1.8 to 2.3 COSE1003 Investigative-Composite x
1.7 COSE1004 Invegfigative-Discrete x

II: -
P Area 05/07/93 1.7 to 1.9 COSO1101 lavcstigative-Composite x

1.3 COS01102 Investigative-Disoretc x
1.7 to 1.9 COSOI 103 Spht-Composite for COSOI I 01 x

1.9 COSOI 104 Split-Disorde for COSOI 102 x

IIA 05/10/93 1.5 to 1.6 COSOIIAOI InvestigativoComposite x
P Area 1.5 to 1.6 COSOlIA09 Duplicatc-Composite forCOSOlIA01 x
North 1.7 COSOlIA05 Investigativ&Disorate x

1.8 COSOHA10 Duplicate-Disorde fbr COSOI IA05 x

1.7 to 1.9 COSOlIA02 Investigative-Composite x
1.7 to 1.9 CONISIIA02 MS/MSD-Composite for COSOlIA02 x

1.7 COSOIIA06 lavcstiptive-Discrate x

1.7 to 1.9 COSOlIA03 Investigative-Compositc x
1.7 COSOI IA07 Investigativc-Dis"de x

1.7 to 1.8 COSOlIA04 Invcstigative-Composite x
1.9 COSOIIA08 IInvestigativo-Discreta x

NOTES (1) Final depth after samptin& SVOCS = Scmivolatilc Organic Compounds Pwt/PCB= Pesticides and PolychIminated Biphenyls
(2) EPA Mdhod (SW-M) VOCs = Volatile Organic Compounds TCL - Target Compound List
BGS= Below Ground Surface TAL= Target Analyte List (Metals and Cyanide)

(08721464.wbl/djf) Golder Associates Page I of 3



December 1993 TABLE 2 - SAI"LING ACTIVrITES 923-8108

ANALYSIS (2)
site Sampling Sampling Investigative Sample Type TCL SVOC (8270) TCL VOCz DIOXIN /FLTRANS

Number Date Depth (1) Sample TCL Pcd/PCBs (8240) (8280)
and ("GS) Number TAL Metals (6010)
Area Cyanide (9DIO)

Explosives (8330)

12: 04/30/93 1.9 to 2.2 COS01201 Investigative-Compoite x
Area 14 1.8 to 2.2 COS01207 Dupliestc-Composite for COS01201 x

1.8 COS01203 Investigstivo-I)isorde x
1.7 COS01209 Duplicate-Discrete for COS01203 x

1.9 to 2.2 COS01202 Investigative-Composite x
1.8 COS01204 Invcsfigativex-Disorete x

14:
Area 14 05/05/93 1.4 to 1.5 COS01401 Investigative-Compowite x

1.5 COS01402 Investigative-Dis"c(c, x

1.4 to 1.5 COS01403 lavestigative-Composite x
1.5 COS01404 kNestigative-Disorete x

16: 05104/93 0.5 to 0.6 COS01601 Investigative-Compocite x
Are& 7 1.9 COS01602 1westigativoDisorete x

0.7 to 0.8 COS01603 Investigative-Compoeite x
0.7 to 0.8 COS01605 Split-Composite for COS01603 x

1.9 COS01604 Investigative-Dis"etc x
2.1 COS01606 Split-Discrate for COS01604 x

20:
D Area 04/29/93 1.0 to 2.o COS02001 Inwatigative-Compointe x

1.5 COS02001 Investigative-Discretc x
1.0 to 2.0 COS02002 Duplioge-Composite for COS02001 x

1.5 COS02002 Duplicatc-Disorate for COS02001 x

22A:
Old 04/29/93 0.6 to 0.9 COSO22A03 Investigative-Composite x x
Refuge 1.5 to 2.0 COSCK-"-A04 lavestigative-Composite, x x
Shop 2.0 COSO22A04 InvestigadvoDiaorete x

04/30/93 0.8 to 1.0 COSO22A01 lnvcstigative�� itc x x
2.4 to 2.7 COSO22A02 Investigative-Composite x x

2.4 COSO22A06 Invcstigativc-Discrete x

05/03/9.3 1.0 to 1.2 COSO22A07 Investigative-Composite x x
2.0 to 2.5 COS022AOS lavctigativc-Composite x x
2.0 to 2.i COS022AI3 Duplicate-Compogite for COS022AOS x x

2.5 COSO22A09 Investigative-Discrate x
2.5 COSO22AI4 Duplicate-Dis"do for COSO22A09 x

1.0 to 1.1 COS(U2AI0 Investiptive-Composite, x x
2.2 to 2.5 COS022AII Inwatigative-Composite x x
2.2 to 2.5 CONM22AII MS/MSD for COS022AI t x x

2.5 COSO22AI2 Investigative-Disorcte x

NOTES (1) Final depth after sampling. SVOCs = Scmivolafile Organic Compounds PeWPCB= Pesticides and Polychlorinated. Biphanyls (PCl3
(2) EPA Method (SW4W6) VOCS = Volatile Organic Compounds TCL = Target Compound List
BGS= Below Ground Surface TAL= Target Analyto List (Metals and Cyanide)

(08721464.wblldjf) Golder Associates Page 2 of 3
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ANAL IS (2)
Site Sampling Sampling Investigative Sample Type TCL SVOC (8270) TCL VOC* DIOXIN /FLRANS

Number Des Depth (1) Sample TCL Pest/" s (8240) (8280)
and (ftBGS) Number TALMdalx(6010)
Area Cyanidc(9010)

Explosives (8 30)

36:
Aren 3 05/04/93 0.0 to 1.0 COSL3606 Investigativc-Discrate X X

North 0.0 to 1.0 COSL3607 Investigativc-Discrate X X

05/05/93 0.0 to 1.0 COSL3603 Investiptive-Discrele X X
0.0 to 1.0 COSL-3608 Split-Disorde for COSL3603 X X

0.0 to 1.0 COSL3604 Investilgative-Discrele X x

0.0 to 1.0 COSL3605 kvextigstivc-Dis"ete X X

05/06/93 0.0 to 1.0 COSE3601 Investiptive-Composite X
0.0 to 1.0 COSE3609 Duplicate-Composite fbr COSE3601 x

1.0 COSE3602 luvcstigstivc� X
1.0 COSE3610 Duplicate-Disorete for COSE3602 X

06/09/93 0.0 to 1.0 COSE3601 Lavestigafive-Composita X
(Rousupling) 0.0 to 1.0 COSE3609 Duplic&W-Compoaite for COSF,3601 X

NOTES (1) Final depth after umpling. SVOC& = Scinivolatile Organic Compounds Pcd/PCB- Pesticides and Polychlorinated Biphenyls (PCB
(2) EPA Method (SW-946) VOCs = Voldde Organic Compounds (Metals and Cyanide)
BGS= Below Chound Surfigoe TAL= Target Analyte List

(08721464.wbl/djf) Golder Associates Page 3 of 3
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Site Description Sampling Investigative Media Sample Description (2) Cominents
Number Depth (1) Sample

(ftBGS) Number

7: SOUTHEAST DRAINAGE CHANNEL- Area currently operated by 1.7 to 1.8 COSE0701 Sediment firm, It. brown, SILTY CLAY, Surface water present in drainage channel. VOC sample
D Area Olin to manufacture explosives. Sampling conducted in gmsy drainage 1.9 OOSE0702 tr. Psand, tr. organics COSE0702 taken adjacent to grab I (firrthest upstream).

channel leading front naive industrial facilities. The 5 grab sample
locations were point bars located along the drainage way.

7A: NORTH LAWN: Area currently operated by Olin to manufacture 1.4 COS07AOI Soil soft, brown, CLAYEY SILT, 0 ppm (10.0 and 11.8 eV lamp) on all grabs. VOC
D Area explosives. Sampling conducted in relatively flat open grassy field. 1.9 C0S07A02 tr. Psarid sample COSO7A02 taken adjacent to grab 5 at the

The 5 grab simple locations were at the 4 comers and center of an center of the sampling grid.
approximately I 00 by I 00 foot square. A total of 4 such investigative
sampling grids were sampled. 1.5 to 1.6 COS07AO3 Soil soft, It, brown, CLAYEY SILT, 0 ppm (10.0 and 11.8 eV lamp) on all grabs. VOC

1.8 COS07A04 tr. Psand sample COS07AG4 taken adjacent to grab 5 at the center
of the sampling grid. Cobbles present at grabs 1, 4 and 5.

1.6 to 1.7 COS07AO5 Soil soft, brown, CLAYEY SILT, 0 ppm (I 0,0 and II 8 eV lamp) on all grabs.' V0C
1.8 C0S07A06 tr. Psand sample COS07AO6 taken adjacent to grab 5 at the center

0 of the sampling grid
EL
M

L5 COS07AO7 Soil soft, brown, CLAYEY SILT, 0 ppm (I 0.0 and 11.8 eV lamp) on all grabs. '�,'OC
1.9 COS07A.08 tr. Psand sample COS07AO8 taken adjacent to grab 5 at the cenicr

of the sampling grid0

8: SOUTHWEST DRAINAGE CHANNEL: Area currently operated by 1.6 to 1.7 COS00801 Soil firm, red-brown, SILTY CLAY, Surface water present in drainage channel VOC sample
fA D Area Olin to manufacture explosives. Sampling conducted in grassy drainage 1.7 COS00802 tr. Psand COS00803 taken adjacent to grab I (furthest upstream).

channel running through open field. The 5 grab sample locations were 1.6 COS00803
spaced approximately evenly along the drainage way.

9: NORTHWEST DRAINAGE CHANNEL: Sampling conducted in a 2.0 to 2.1 COSE0901 Sediment firm, brown, SILTY CLAY, Surface water present in drainage channel. VOC sample
P Area perennial stream which carries runoff from the active P Area to L8 COSE0902 tr. Pm &and, tr. m-gravel COSE0902 taken adjacent to grab 5 (furthest
North Crab Om-hard fall e Grabs 1, 2, 3 and 5 were located at point bars downstream).

along the drainage way. Grab 4 was located in a tributary which
extends to the north

(08726592 Wfflfstb)
Notes (1) Final sampling depths of grab samples; composite sample grabs are expressed as a range of final depths when applicable,

(2) Composite sample used for description except where indicated with a (3)
(3) Discrete sample used for description
BCYS� Below Ground Surface
Al I headspace measurements are listed as above back-ground. Typically background was less thari 2 ppm,
tr.-trace, Pfine, m-medium, c-warw, ItAight

Page 10174
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Site Description Sampling Investigative Media Sample Description (2) Comments
Number Depth (1) Sample

_JftBGS) Number

10: WATERWORKS NORTH DRAINAGE CHANNEL- Sampling 1.5 to 1.8 COSE1001 Sediment sA dark brown, CLAYEY SILT, Surface water present in drainage channel. VOC sample
D Area conducted in a perennial stream downstream of Sites 7,9, 1 1 A 1.6 COSE1002 sonic Psand, tr. organics COSE 1 002 taken adjacent to grab 5 (furthest downstream),
North and 20. This site included two investigative sampling locations: Sample

COSE I 00 I was composited from 5 grabs taken along the northern bank 1.8 to 2.3 COSE1003 Sediment soft, grey, SILTY CLAY, Surface water present in drainage channels sample
of the stream. Sample COSE1003 was composited from 5 grabs 1.7 COSE1004 tr. organics COSE 1 004 taken adjacent to grab I (furthest upstream),
taken from point bars along a tributary emptying into the stream
from the northwest.

II: - SOUTHEAST DRAINAGE CHANNEL: Sampling conducted in 1.7 to 1.9 COSO1101 Soil fire red-brown, SILTY CLAY, Surface water present at grab 2. VOC sample COSO 1 102
P Area a drainage channel located to the southeast of Olin active P Area. 1.3 COS01102 tr. f-sand, tr. organics taken adjacent to grab I (11irthest upstream).

An Olin building for research and development is located at the
head of the drainage channel. The 5 grab sample locations
were spaced at approximately 50-foot intervals.

IIA: WALKWAY STRUCTURES. Sampling conducted to the north of 1.5tol.6 COSOIIAOI Soil firm, brown, CLAYEY SILT, 0 pptn (10.0 and 11.8 eV lamp) on all grabs.VOC
P Area P Area in drainage ways adjacent to an abandoned I.,shaped 1.7 COSOI IA05 tr. Psand, tr. m-gravel sample COSOI IA05 taken adjacent to grab 4 (lowest

0 North walkway. This site included 4 investigative sampling locations: lying. approximate center of sampling area). Cobbles
COSOI I AO I was oomposited from 5 grabs taken from shallow grassy encountered at grab 3.
ditches surrounding the walkway. COSO I I A02 and COSO I I A03 were
both composited from 5 grabs taken from shallow grassy ditches 1.7 to 1.9 COSOlIA02 Soil firni, grey, SILTY CLAY, 2 ppin (10.0 eV lamp) on grab 4, 0 ppm (10�O and I L8
trending north-south and located to the north of an active shop area. 1.7 COSOI IA06 tr. organics eV lamp) on all other grabs. VOC sample COS01 I A060
COSO I I A04 was composited from 5 grabs spaced evenly along a taken adjacent to grab 4 (2 ppm). Surface water present
north-south trending grassy drainage ditch which receives run-off at grab 5.
from the site area.

1.7 to 1.8 COSOlIA03 Soil firm, It. grey, SILTY CLAY, 0 ppm (10.0 and 11.8 eV lamp) on all grabs. VOC sample
1.7 COSOlIA07 tr. organics COSO I IA 07 taken adjacent to grab 1 (fbrthest upstream).

1.7 to 1.8 COSO I I A04 Soil soft, brown, CLAYEY SILT, 2.6 ppm (I 0.0 eV lamp) on grabs 2 and 4- 0 plain (I 0,0
1.8 COSOIIAOS tr. Psand, tr. roots and fibers and I 1.8 eV lamp) on all other grabs. VOC sample

COSO I I A08 taken adjacent to grab 4 (2.6 plinisecond
furthest upstream grab),

12: IMPOUNDMENT: Sampling conducted within a circular impoundment 1.8 to 2.2 COS01201 Soil soft, It. brown, CLAYEY SILT, 0 ppm (I L7 eV lamp) on all grabs. VOC sample COS01203
Area 14 located in Area 8. Diagraph ink manufacturing facility to the northwest. 1.8 COS01203 tr. red-brown f-sand taken adjacent to grab I (diesel fuel odor). Surface

This she included 2 investigative samples located in the moderately water present at grabs 4 and 5.
wooded area: COS01201 ixa�, composited from 5 grabs located in the

western portion of the impoundemcrit. COSOI 202 was composited from 1.9 to 2.2 COS01202 Soil soft, It. brown, CLAYEY SILT, 0 ppin (I 1.7 eV lamp) on all grabs. VOC sample COS01204
5 grabs located in the eastern portion of the impoundment. 1.8 COS01204 tr. red-brown Psand taken adjacent to grab 2 (sheen on water). Surface

water present at grabs I and 2.

(08726592 WBVsrh)
Notes (1) Final depths of grab samples; compos:'_� s�tmplc grab�, are expressed as a range offinal deptits wait applicable.

(2) Co""ite sample used for description excelvAhere indicated with a (3)
(3) DiscTete sample used for description
BGS= Below Ground Surface
All headspace measurements are listed as above background. Typically background was less than 2 ppm.
tr.-trace, f-fine, in-medium, c-coarse, It.-light
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Site Description Sampling lnvc-�tjgatjve Media Sample DesLription (2) Comments
Number Depth (1) Sample

_fftBGS) Number

14: SOLVENT STORAGE DRAINAGE DITCH: Sampling conducted along 1.4 to 1 �5 COS01401 Soil finn, blue-grey, CLAYEY SILT, I 0 to 2000 ppm (I 0.0 eV lamp), N70C sample COSO 1 401
Area 14 drainage channels which receive run-off from adjacent manufacturing 1.5 COS01402 tr. Psand, tr. m-gravel taken adjacent to grab 3 (2000ppin). Red atW blue

and wardumm facilities including drums arW above-ground storage staining observed at grab I between I and 2 feet, Surface
tanks. This site included 2 investigative sample locations: COSO 1401 water present in dratnage channel.
was composited from 5 evenly spaced grabs taken in the southern

most grassy drainage way. COS01403 was composited from 5 evenly 1.4 to 1.5 COS01403 Soil finn, grey, CLAYEY SILT, 0 ppm (I 1.8 eV lamp) on all grabs. VOC sample COS01404
spaced grabs taken in the northern rnost grassy drainage way. Waters 1.5 COS01404 tr. f-sand, tr. P&Tavel, taken adjacent to grab 5 (furthest downstream). Surface
were observed occasionally draining into the northern most drainage tr. roots and fibers water present in drainage channel.
way from a buliding adjacent to grab 3 of investigative sample
COS01403.

16: INDUSTRIAL PARK: Sampling was conducted in an Industrial 0.5 to 0.6 COSOI601 Soil sofl, It. brown, CLAYEY SILT, 138 to 625 ppm (10.0 eV lamp), 0 ppm (I 1.7 eV lamp),
Area 7 Park located in Area 7. This site included 2 investigative sampling 1.9 COS01602 little grey m-gravel, tr. f-sand VOC sample COSO 1 602 taken adj acent to grab 1(473 pplu).

locations: COS01601 was composited from 5 grab samples taken front Note that grab 4 (625 ppin) was in gravel and VOC sample
the north side mid southeast comer of Building 34. Grabs I to 3 could not be obtained, Surface water present at grabs
were taken in a gently north sloping grassy area. Grabs 4 and 5 were 4 mW 5.

0 taken firom a gravelly drainage way at the southeast comer. COSO 1603
EL was composited from 5 grab samples taken from a north-south 0.7 to 0.8 COS01603 Soil soft, It. brown, CLAYEY SILT, 27 to 1046 ppm (10.0 eV lamp), 0 ppru (I 1.7 eVlarnp)
W(D trending drainage way which bLv&s the site and receives run-off 1.8 COS01604 tr. Psand, tr. roots and fibers VOC sample C0801604 taken adjacent to grab 5 (1046

from the park. ppin). Surface water present at grabs I and 4�

0 20: SOUTH DRAINAGE CHANNEL- Area currently operated by Olin 1.0 to 2.0 COS02001 Soil firm, red-brown, SILTY CLAY, Surface water present at grabs 4 and 5. VOC sample
D Area to manufacture explosives. Sampling conducted in a grassy drainage 1.5 COS02001 tr. f-sand also labelled COS02001 taken adjacent to grab I (ftirthest

channel which receives run-off from a nearby abandoned building. upstream).
'Me 5 grab sample locations were spaced approximately evenly
long the drainage way.

(0872659.1 WBIfsrh)
Notes (1) Final sampling depths of grab sruWles; composite sample grabs are eq)ressed as a range of final depths when applicable.

(2) Composite sample used for description except where indicated with a (3)
(3) Discrete sample used for description
BGS= Below Ground Surface
All headspace measurements are listed as above back-ground. Typically background was less than 2 ppin.
tr.-trace, f-fine, rn-medium, c-coarsc, ItAight
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Site Description Sampling Investigative Media Sample Description (2) Comments
Number Depth (1) Sample

(ftBGS) Number

22A: POST TREATING FACILITY: Sampling was conducted in a relatively 0.6 to 0.8 COSO22,03 Soil soft, dark grey, CLAYEY SILT, 0 ppm (10.6 eV lamp) on all grabs. VOC saniple
Old flat, grassy open field area adjacent to a complex of buildings being sonic Pm sand, occ. m-gravel COS022A03 taken adjacent to grab I (soil texture) at NW
Refuge used for storage purposes. This site included 4 investigative sample 1.5 to 2,0 COSO22A04 Soil firm, brown, SILTY CLAY, comer of sampling square.
Shop locations. Each location was an approximately 12 fM square and 2.0 COS022A04 and Psand, occ. m-gravel

grabs were obtained at all the corners and in the center. To the

immediate west of composite sample location COS022AO I was the 0.8 to 1.0 COS022AOI Soil soft, brown, CLAYEY SILT, 0 ppm (I 1.7 eV lamp) on all grabs. VOC sample
concrete slab of a former building ir. f-sand, tr. roots and fibers COS022A06 taken adjacent to grab 5 at center of

2.4 to 2.7 COS022A02 Soil soff, brown, CLAYEY SILT, sampling square.
2.4 COS022AG6 tr. f-sand

1.0 to 1.2 COS022A07 Soil soft, brown, CLAYEY SILT, 0 ppm (I 1.7 eV lamp) on all grabs. VOC sample
tr. f-sand, tr. f-gravel COS022A09 taken adjacent to grab 5 at center of

2.0 to 2.5 COS022A08 Soil soft, brown, CLAYEY SILT, sampling square,
2.5 COS022A09 tr. f-m sand

0
EL 1.0 to 1. I COS022A10 Soil sofL brown, CLAYEY SILT, 0 ppin (I 1.7 eV lamp) on all grabs.'VOC sample

some ni-c sand, tr. Pgravel COS022AI2 taken adjacent to grab 5 at center of
2.2 to 2.5 COSO22A] I Soil finn, red-brown. CLAYEY SILT, sampling square.

2.5 COS022AI2 tr. f-C mw
0
0. WASTE WATER TREATMENT FACILITY: Sampling conducted in 0.0 to 1.0 COSL3606 Sludge soft, brown-green, SILTY CLAY, Discrete sample taken in Primary Lagoon. SurfaceAater

36: the Primary lagoon, west pond, cast pond and Dove Creek. Discrete and black organics (3) preserit.
A Area 3 samples collected in the lagoon and pon(6-. COSL3606 and COS13607

North were obtained from the Primary lagoon. COS 1,3603 was obtained 0.0 to 1.0 COSL3607 Sludge sol[L grey-brown, SILTY CLAY, Discrete sample taken in Primary Lagoon. Surface water
from the west pond. COSL3604 was obtained from the east pond. and black organics (3) PrescriL
Composite sample COSE3601 consisted of 5 grabs taken from locations
along Dove Creek. 0-0 to 1.0 COSL3603 Sludge soft, brown-grey, SILTY CLAY, Discrete sample taken in west pond Surface water present.

and black organics (3)

0.0 to 1.0 COSL3604 Sludge soft, dark grey-blaLk, SILTY CLAY, Discrete sample taken in east pond. Surface water present-
and black organics (3)

0.0 to 1.0 COSL3605 Sludge soil, dark grey-black, SILTY CLAY, Discrete sample taken in east pond. Surface water present.
and black organics (3)

0.0 to 1.0 COSE3601 Sediment soft, dark grey, SILTY CLAY, Surface water present in drainage channel. VOC sample
1.0 COSE3602 sonic organics COSE3602 taken adjacent to grab I (furthest upstream,

discharge pipe).

Notes (1) Final sampling depths of grab samples; composite sample grabs are expressed as a range of final depths when applicable,
(2) Composite sample used for description except where indicatedivith a (3)
(3) Discrete sample used for description
BGS= Below Ground Surface
All headspace measurements are listed as above background, Typically baJground was less than 2 pprn.
tr.-trace, time, m-medium, c-coarse, ItAight

Page 4 of 4



December 1993 923-8108

TABLE 4
QUANTITATION LIMITS FOR TARGET COMPOUND LIST VOCs

IN SOIL, SEDIMENT AND SLUDGE

Method
Detection Quantitation

Analyte CAS Number Limits (ugj) Limits, (Ugm

Benzene 71-43-2 1.0 5
Brorndichloromethane 75-27-4 2.0 5
Bromoform 75-25-2 3.0 5
Bromomethane 74-83-9 2.0 10
Carbon Tetrachloride 56-23-5 2.0 5
Chlorobenzene 108-90-7 3.0 5
Chloroethane 75-00-3 1.0 10
Chloroform 67-66-3 5.0 5
Chloromethane 74-87-3 4.0 10
Dibromochloromethane 124-48-1 1.0 5
1,1-Dichloroethane 75-34-3 2.0 5
1,2-Dichloroethane 107-06-2 2.0 5
1,1-Dichloroethene 75-34-4 2.0 5
1,2,Dichloroethene (Total) --- 5
1,2-Dichloropropane 78-87-5 1.0 5
cis-1,3-Dichloropropene 10061-01-5 2.0 5
trans-1,3-Dichloropropene 10061-02-6 1.0 5
Ethyl Benzene 100-41-4 2.0 5
Methylene Chloride2 75-09-2 1.0 10
1,1,2,2-Tetrachloroethane 79-34-5 2.0 5
Tetrachloroethene 127-18-4 2.0 5
Toluene2 108-88-3 1.0 5
1,1,1-Trichloroethane 71-55-6 3.0 5
I.,1,2-Trichloroethane 79-00-5 1.0 5
Trichloroethene 79-01-6 4.0 5
Vinyl Chloride 75-01-4 3.0 10
Acetone2 67-64-1 10 10
Carbon Disulfide 75-15-0 2.0 5
2-Butanone 2 78-93-3 3.0 10

Vinyl Acetate 108-05-4 1.0 10
4-Methyl-2-Pentanone 108-10-1 2.0 10
2-Hexanone 519-78-6 2.0 10
Styrene 100-42-5 2.0 5
Total Xylenes,3 106-42-3 4 5
2-Chloroethylvinylether 220-75-8 10 10

Notes:

1 Quantitation limits for VOCs from Pace Laboratories SOP MN-0-446-B. Quantitation limits
listed are based on wet-weight. The quantitation limits calculated by the laboratory on a dry-
weight basis, as required by the contract, will be higher.
2Common laboratory solvent. Control limits for blanks are five times the method detection limits.
3m-Xylene, o-Xylene and p-Xylene are reported as a total of the three (total xylenes).

(087Z14521.wp1\dj0
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December 1993 923-8108

TABLE 5
QUANTITATION LIMITS FOR TARGET COMPOUND LIST SVOCs

IN SOIL, SEDIMENT AND SLUDGE

Quantitation
Limitsi

Analyte CAS Number ugjg

Phenol 108-95-2 330
bis(2-Chloroethyl)ether 111-444 330
2-Chlorophenol 95-57-8 330
1,3-Dichlorobenzene 541-73-1 330
1,4-Dichlorobenzene 106-46-7 330

Benzyl alcohol 100-51-6 330
1,2-Dichlorobenzene 95-50-1 330
2-Methylphenol 95-48-1 330
bis(2-Chloroisopropyl)ether 108-60-1 330
4-Methylphenol 106-44-5 330
N-Nitroso-di-n-propylamine 621-64-7 330

Hexachloroethane 67-72-1 330
Nitrobenzene 98-95-3 330
Isophorone 78-59-1 330
2-Nitrophenol 88-75-5 330
2,4-Dimethylphenol 105-67-9 330

Benzoic acid 65-85-0 1600
bis(2-Chloroethoxy) methane 111-91-1 330
2,4-Dichlorophenol 120-83-2 330
1,2,4-Triclilorobenzene 120-82-1 330
Naphthalene 91-20-3 330
4-Chloroaniline 106-47-8 330

Hexachlorobutadiene 87-68-3 330
4-Chloro-3-methylphenol 59-50-7 330
(para-chloro-meta-cresol)
2-Methyinaphtlialene 91-57-6 330
Hexachlorocyclopentadiene 77474 330
2,4,6-Trichlorophenol 88-06-2 330

2,4,5-Trichlorophenol 95-95-4 1600
2-Chloronaphthalene 91-58-7 330
2-Nitroaniline 88-74-4 1600
Dimethylphthalate 131-11-3 330
Acenaphthylene 208-96-8 330
2,6-Dinitrotoluene 606-20-2 330
3-Nitroaniline 99-09-8 1600
Acenaphthene 83-32-9 330
2,4-Dinitrophenol 51-28-5 1600
4-Nitrophenol 100-02-7 1600

Page 1 of 2
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December 1993 923-8108

TABLE 5 (CONT'D)
QUANTITATION LIMITS FOR TARGET COMPOUND LIST SVOCs

IN SOIL, SEDIMENT AND SLUDGE

Quantitation
Limits'

Analyte CAS Number weVkiz

Dibenzofuran 132-64-9 330
2,4-Dinitrotoluene 121-14-2 330
Diethylphthalate 84-66-2 330
4-Chlorophenyl phenyl ether 7005-72,3 330
Fluorene 86-73-7 330

4-Nitroaniline 100-01-6 1600
4,6-Dinitro-2-methylphenol 534-52,1 330
N-Nitrosodiphenylamine 86-30-6 330
4-Bromophenyl phenyl ether 101-55-3 330
Hexachlorobenzene 118-74-1 330

Pentachlorophenol 87-86-5 1600
Phenanthrene 85-01-8 330
Anthracene 120-12-7 330
Di-n-butylphthalate 84-74-2 330
Fluoranthene 206-44-0 330

Pyrene 129-00-0 330
Butyl benzyl phthalate 85-68-7 330
3,3-Dichlorobenzidine 91-94-1 660
Benzo(a)anthracene 56-55-3 330

Chrysene 218-01-9 330
bis(2-Ethylhexyl)phthalate 117-81-7 330
Di-n-Octyphthalate 117-84-0 330
Benzo(b)fluoranthene 205-99-2 330
Benzo(k)fluoranthene 207-08-9 330

Benzo(a)pyrene 50-32-8 330
Indeno(1,2,3-cd)pyrene 193-39-5 330
Dibenzo(ah)anthracene 52-70-3 330
Benzo(ghi)perylene 191-24-2 330

N-Nitrosodimethylamine2 65-75-9 330

Quantitation limits for SVOCs from Pace Laboratories SOP MN-0436-A. Quantitation
limits are based on wet weight. The quantitation limits calculated by the laboratory on
a dry-weight basis, as required by the contract, will be higher.

2 This compound was added to the analytical program due to site history.

(08721453.wpl\djo Page 2 of 2
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December 1993 923-8108

TABLE 6
QUANTITATION LIMITS FOR TARGET COMPOUND LIST PCBs AND PESTICIDES

IN SOfL, SEDIMENT AND SLUDGE

Quantitation
Limits'

Analyte CAS Number (m/kz)

PESTICIDES:
alpha-BHC 319-84-6 1.7
beta-BHC 319-85-7 1.7
delta-BHC 319-86-8 1.7
gamma-BHC (Lindane) 58-89-9 1.7
Heptachlor 76-44-8 1.7

Aldrin 309-00-2 1.7
Heptachlor epoxide 1024-57-3 1.7
Endosulfan 1 959-98-8 1.7
Dieldrin 60-57-1 3.3
4,4'-DDE 72-55-9 3.3

Endrin 72-20-8 3.3
Endosulfan 11 33213-65-9 3.3
4,4'-DDD 72-34-8 3.3
Endosulfan sulfate 1031-07-8 3.3
4,4'-DDT 50-29-3 3.3

Methoxychlor 72-43-5 17
Endrin aldehyde 7421-36-3 3.3
alpha-Chlordane 5103-71-9 1.7
gamma-Chlordane 5103-74-2 1.7

Toxaphene 8001-35-2 170

PCBS:
Aroclor-1016 12674-11-2 30
Aroclor-1221 11104-28-2 30
Aroclor-1232 11141-16-5 30
Aroclor-1242 53469-21-9 30

Aroclor-1248 12672-29-6 30
Aroclor-1254 11097-69-1 30
Aroclor-1260 11096-82-5 30

Quantitation limits for PCB and Pesticide compounds from Pace Laboratories SOP MN-0-447-A.
Quantitation limits are based on wet weight. The quantitation limits calculated by the laboratory
on a dry-weight basis, as required by the contract, will be higher.

(08721454--pl\djo
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December 1993 923-8108

TABLE 7
REPORTING LIMITS FOR EXPLOSIVES
IN SOILS, SEDIMENTS AND SLUDGE

Method Reporting Limit'
Analyte CAS Number

1,3-Dinitrobenzene 99-65-0 249
2,4-Dinitrotoluene 121-14-2 251
2,6-Dinitrotoluene 606-20-2 500
HMX2 2691-41-0 499
Nitroglycerin 53-63-0 2,500

PETN 3 75-11-5 2,5M
RDX4 121-82-4 510
TetryP 479-4.5-8 1.27
1,3,5-Trinitrobenzene 99-35-4 250
2,4fi-Trinitrotoluene 118-96-7 250

2-Nitrotoluene 88-72-2 505
3-Nitrotoluene 99-08-1 245
4-Nitrotoluene 99-99-0 251

Notes:

I Method reporting limit from Pace Laboratories SOP MN-435-B.

2 HMX: Octahydro-l,,3,5,7-tetranitro-s-tetrazoncine
3 PETN: Pentaerythnitol tetranitrate
4 RDX: Hexahydro-1,3,5-trinitro-s-triazine
5 Tetryl: N-methyl-N,2,4,6-tetranitrobenzenamine

(08721455.wp1\DJF)
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December 1993 923-8108

TABLE 8
REPORTING LIMIT FOR DIOXINS AND FURANS

IN SOIL, SEDIMENT AND SLUDGE

Reporting Limitsi
Analyte

DIOXINS:
2,3,7,8-TCDD 0.073
1.,2,3,7,8-PeCDD 0.13
1,2,3,4,7,8-HxCDD 0.21
1,2,3,6,7,8-HxCDD 0.11
1,2,3,7,8,9-HxCDD 0.18
1,2,3,4,6,7,8-HpCDD 0.21
OCDD 0.28

FURANS:
2,3,7,8-TCDF 0.064
1,2,3,7,8-PeCDF 0.1
2,3,4,7,8-PeCDF 0.1
1,2,3,4,7,8-HxCDF 0.12
1,2,3,6,7,8-HxCDF 0.092
2,3,4,6,7,8-HxCDF 0.17
1,2,3,7,8,9-HxCDF 0.22
1,2,3,4,6,7,8,-f-IpCDF 0.17
1,2,3,4,7,8,9-HpCDF 0.19
OCDF 0.35

Notes:

1 Reporting limits from EPA Method 8280
CDDs: Chlorinated dibenzo-p-dioxins
CDFs: Chlorinated dibenzofurans
T: Tetra
Pe: Penta
Hx: Hexa
Hp: Hepta
0: Octa

(W7721456--p1\djf)
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December 1993 923-8108

TABLE 9
DETECTION AND QUANTITATION LIMITS FOR TARGET ANALYTE LIST

METALS AND CYANIDE IN SOIL, SEDIMENT AND SLUDGE'

Method Detection Practical Quantitation
Limit2 Limit

Analyte (M&j&j (mg/kg)

Aluminum 1.4 20
Antimony 2.0 5 .03

Arsenic 8.0 103

Barium 0.3 10
Beryllium 0.5 10

Cadmium 0.5 10
Calcium 4.0 40
Chromium 0.6 50
Cobalt 0.7 7.0
Copper 0.7 7.0

Iron 0.7 7.0
Lead 2.0 53
Magnesium 2.0 50
Manganese 0.6 6
Mercury 0.2 0.2

Nick-el 1.5 15
Potassium 4.50 450
Selenium 3.0 50
Silver 0.3 3
Sodium 3.0 50

Thallium, 10.0 1.03

Vanadium 0.4 4
Zinc 0.2 2

Cyanide 0.1 1

Notes:

1 The specific SOPs are referenced in the Quality Control Summary Report.

2 The detection limits for samples may be considerably higher depending on the sample
matrix.

3 Since the sample required quantitation limit cannot be achieved by using EPA Method
6010, the sample will be analyzed by the appropriate atomic absorption method.

(08M1457.wp1\dj0
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December 1993 TABLE 10 923-8108

Summary of Validated TCL Volatile Organic Compound Analyses of Soil. Sediment and Sludge Samples
Phase I - RI, Miscellaneous Areas Operable Unit
Crab Orchard National Wildlife Refuge, Marion, Illinois

Site SITE 7 SITE 7A SITE 8 SITE 0 SITE 10
Location
Golder Sample ID COSE0702 COSO07A02 COS007AG4 COSO07A06 COSO07A08 COS00802 COS00803 COSE0902 COSE1002
Laboratory Sample ID 103624 103667 103683 103705 103721 103489 108162 103500 109304
Sample Depth 0-0 1�9 1.9 1 8 1.8 1 9 1 7 1 6 1 8 1 6
Sample Type Investigative Investigative Investigative Investigative Investigative Investigative Investigative Investigative Investigative
Sample Date 05107/93 05107/93 OW7/03 05M7/93 05K)7/93 0510"3 05110A)3 05K)W3 05/08/93
Compound Conc: MDL Conc, MOL Conc MDL Conc MOL Conc. MDL Conc MDL Conc MOL Conc MDL Conc. M5�_

WQKQ ix/Ko LialKa uaj`Ko waKa mo/Ka uatKa wo/Ko I.PQ/Ka uaft ualKa LMA(g uQfKQ WWxQ uaffa ao/Ka vaiKa "K

INDIVIDUAL PARAMETERS
Acrolein NO 31 ND 31 ND 30 NO 31 ND 31 ND 31 ND 00 ND 31 ND 35
Aorylonithle ND 100 ND 100 ND 10( ND 100 ND 1DD ND 100 ND 200 ND 100 ND 100
INDIVIDUAL PARAMETERS
AcmWin ND 31 ND 31 ND 30 ND 31 ND 31 ND 31 ND 60 ND 31 ND 35
Acrylonitnle ND 1(0 ND 100 ND 100 ND 100 ND 100 ND 100 ND 200 ND 100 ND 100
VOLATILES 0 0
Chlaromethishe ND 5 ND 5 ND 5 ND 5 ND 5 ND 5 14D 10 NO 5 ND 6
Bromomethenis ND 2 ND 2 ND 2 ND 2 ND 2 ND 2 ND 5 ND 2 ND 3
Vinyl Chloride ND 4 ND 4 ND 4 ND 4 ND 4 ND 4 ND 8 ND 4 NO 4
Chloroethane ND 1 ND 1 ND I ND 1 ND 1 ND I ND 2 ND 1 ND 1
Methylerve Chloride 10 i(a) 1 2U 1 6U 1 14 1 14 1 6 U 1 8 2 4 U I 1 0U 1
Acetone ND 18 ND 18 ND 18 ND 1 9 ND 19 70 19 200 40 NO 18 81, 21
Carbon Disuffide ND 2 ND 2 ND 2 ND 2 ND 2 ND 2 ND 5 ND 2 ND 3
1,11-Dichlofoeftne ND 2 ND 2 ND 2 ND 2 ND 2 ND 2 ND 5 ND 2 ND 3
11,11-Dichloroethaine ND 2 ND 2 ND 2 ND 2 ND 2 ND 2 ND 5 ND 2 NO 3

0 trans-12-Dichlofoothene ND 5 ND 5 ND 5 ND 5 ND 5 ND 5 ND 10 ND 5 ND 6
a Chloroform ND 2 ND 2 ND 2 ND 2 NO 2 ND 2 ND 5 ND 2 ND 3
(D 1.2-Dichloroethane NO 2 ND 2 ND 2 ND 2 ND 2 ND 2 NO 5 ND 2 ND 3

Methyl Ethyl Ketone ND 4 ND 4 ND 4 ND 4 ND 4 ND 4 60 8 ND 4 0 020 4
1,1,1-Trichloroethane NO 4 ND 4 ND 4 ND 4 ND 4 ND 4 ND 8 ND 4 ND 4
Carbon Tetrachloride ND 2 ND 2 ND 2 ND 2 ND 2 ND 2 ND 5 ND 2 ND 30
Vinyl Acetate ND 1 0 ND 1 0 ND 10 ND 10 ND 1 0 ND 10 ND 20 ND 10 ND 10
Bromodichloromethane ND 2 ND 2 ND 2 ND 2 ND 2 ND 2 ND 5 ND 2 ND 3
1,1,2,2-Tetrachloroethane ND 2 ND 2 ND 2 ND 2 ND 2 ND 2 ND 5 ND 2 ND 3
1,2-Dichloropropane ND I ND 1 ND 1 ND 1 ND 1 ND 1 ND 2 ND 1 ND 1
trans-1,3-Dichloropropene ND I ND I ND 1 ND 1 ND 1 ND 1 ND 2 ND I ND 1
Trichlomethylene ND 5 ND 5 ND 5 ND 5 ND 5 ND 5 ND 10 ND 5 ND 6
Dibrornochlorornetaine ND 1 ND I ND 1 ND 1 ND I ND 1 ND 2 ND I ND 1
1,1,2-Trichloroeftne ND 1 ND 1 ND I ND I ND 1 ND 1 14D 2 NO 1 ND 1
Benzene ND 1 ND 1 ND I ND 1 ND 1 ND I ND 2 ND I ND 1
cis-11,3-Dichloropropernis ND 2 ND 2 NO 2 ND 2 ND 2 ND 2 ND 5 ND 2 ND 3
2-Chloroethylvinylether ND 10 ND 1 0 ND 1 0 ND 10 ND 10 ND 10 NO 20 ND 10 ND 1 0
Bmmolormi ND 4 ND 4 ND 4 ND 4 ND 4 ND 4 NO 8 ND 4 ND 4
2-Hexanone ND 2 ND 2 ND 2 ND 2 ND 2 NO 2 ND 5 ND 2 ND 3
Methyl Isobutyl Ketone ND 2 ND 2 ND 2 ND 2 ND 2 ND 2 ND 5 ND 2 ND 3
Tetrachloroethylene ND 2 ND 2 NO 2 ND 2 ND 2 ND 2 ND 5 ND 2 NO 3
Toluene NO 1 ND 1 ND I ND I ND 1 ND 1 ND 2 ND 1 8U 1
Chlorobenzene ND 4 ND 4 ND 4 ND 4 ND 4 ND 4 ND 8 NO 4 ND 4
Ethylbenzone ND 2 ND 2 ND 2 NO 2 ND 2 ND 2 ND 5� ND 2 ND 3
W_ ND 2 ND 2 ND 2 ND 2 ND 2 ND 2 ND 5 ND 2 ND 3
o-Xylene ND 5 ND 5 ND 5 ND 5 ND 5 ND 5 ND 10 ND ND 6
m.p-Xylene (Sum of Isomers) ND 5 ND 5 ND 5 ND 51 ND 5 ND 5 ND I0 ND ND 6 1

Noles� ND - Not detected at or above the MOL Sample ID Breakdown (C0SO22A01)'
MDL Method Detection Limit CO -. Crab Orchard
Conc. Concentrathon (dry-weight bas s) SO - Soil I SE- Sediment I SL- Sludge
J -- The associated value Ps an estimated quantity 22A - Site Number
U - The associated result is esbrnatedas non-detect. 01 - Sample Number
(a) - Biased high due to surrogate recovery-
(b) - Biased low due to surrogate recovery.
(c) - Estimated due to surrogate recovery related to sample dilution-
(d) - Biased high due to MSPMSD recovery-
(e) -. Biased low due to MSIMSD recovery.
(f) - Biased high due to LCS recovery.

(08728590.wt)1/Srh) (g) -. Biased low due to LCS recovery, Page 1 of 5
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December 1993 TABLE IO 923-81138

Summary of Validated TCL Volatile Organic Compound Analyses of Soil, Sediment and Sludge Samples
Phase I - RI, Miscellaneous Areas Operable Unit
Crab Orchard National Wildlife Refuge, Marion, Illinois

site STE 10 SjTE i i SITE 11A SITE 12
Location

Golder Sample ID COSE1004 COS01 102 COS011AO5 COSOI 1 A10 COS01 1 A06 COSOlIA07 COS011AO8 COS01203 COSO11108
Laboratory Sample ID 109= 103eQ 10mg 100380 109347 109M login 93823 93858
Sample Depth (fee� 1.7 1.3 1 7 1 8 1.7 1.7 1.8 1.8 1-7
Samplie Type Investigatirve Investigative Investigative DuplicateofCOS1W Investigative Investigative Investigative Investigate DuplicateofCOS012
Sample Dale 0510"3 05107193 OSM0193 Ml 0/93 O&IOW 05/10/93 05MOI93 O4r3QW O4rjW3
Compound Coric; MDL Conc MDL Conic MDL Conc, MDL Conc. MDL Conc- MDIL Conc. MDL Conc MDL

mu/Kg uolKo ua/Ko p.,KQ �3�Kj LKVKa ua/Ka mofi(i ualKa vitfKa uo/Ko uaKa ag/Kg Po/Ko

INDIVIDUAL PARAMETERS
Acrolein ND 33 ND 32 ND 30 ND 30 ND 31 ND 31 ND 38 ND 31 ND 29
AcrylopitriW ND I(O ND 100 ND l(O ND 100 ND 100 ND 100 ND 200 NO 100 ND 100
INDIVIDUAL PARAMETERS
AcroWn ND 33 ND 32 ND 30 ND 30 ND 31 ND 31 ND 38 ND 31 ND 2N
Acrylormtrile ND 100 ND 100 ND 100 ND l(O ND 100 ND 100 ND 200 ND 1 DO N D 100
VOLATILES
Chloronnethane ND 5 NO 5 ND 5 ND 5 ND 5 ND 5 ND 6 ND 5 ND 5
Bromomethane ND 3 ND 2 ND 2 ND 2 ND 2 ND 2 ND 3 ND 2 NO 2
Vinyl Chlonde ND 4 ND 4 ND 4 ND 4 ND 4 ND 4 ND 4 ND 4 NO 4
Chloroethane ND 1 ND I NO I ND 1 NO 1 ND 1 ND 2 ND 1 ND I
Methylerve Chloride 8 U 1 ND 1 7 1 10U 1 6 U 1 8 U 1 17 2 6 1 9 1
Acetone ND 20 280 19 ND 18 ND 18 ND 19 ND 19 52 2" 1700 92 1040 88
Carbon Dsulficle ND 3 ND 2 ND 2 ND 2 ND 2 ND 2 ND ND 2 ND 2
1,1-Dichloroethene ND 3 ND 2 ND 2 ND 2 NO 2 ND 2 ND 3 ND 2 ND 2
1,1-Dichloroethane ND 3 NO 2 ND 2 ND 2 ND 2 NO 2 ND 3 ND 2 ND 2

0 Vans-1,2-Dichloroathene ND 5 NO 5 ND 5 ND 5 ND 5 ND 5 ND 8 NO 5 ND 5
a Chloroform ND 3 ND 2 ND 2 ND 2 ND 2 ND 2 ND 3 NO 2 ND 2(D

1,2-Dichloroethanei ND 3 ND 2 ND 2 ND 2 ND 2 ND 2 ND 3 ND 2 ND 2
Methyl Ethy! Ketone ND 4 ND 4 ND 4 ND 4 ND 4 4 4 14 4 7 4 7 4
1,1,1-Trichliamethane NO 4 ND 4 ND 4 ND 4 ND 4 ND 4 ND 4 ND 4 ND 4
Carbon Tetrachloride ND 3 ND 2 NO 2 ND 2 ND 2 ND 2 NO 3 ND 2 ND 2

0 Vinyl Acetate ND 1 0 ND 10 ND 10 ND 10 ND 10 ND 10 ND 20 ND 10 ND 10
Bromodichloromeftne ND 3 ND 2 ND 2 ND 2 ND 2 ND 2 ND 3 ND 2 ND 2
1jZ2-Tetrachlorcieftne ND 3 ND 2 ND 2 ND 2 ND 2 NO 2 ND 3 ND 2 ND 2

(D 1,2-Dichloropropane ND I ND I ND 1 ND I ND 1 ND I ND 2 ND I ND 1
trans-1,3-DichWopropene ND I ND 1 ND 1 ND I ND 1 ND 1 ND 2 ND 1 ND I
Trichlb;oethylene ND 5 ND 5 ND 5 ND 5 ND 5 ND 5 ND 6 ND 5 ND 5
Dibromochloromethane ND 1 ND 1 ND 1 ND 1 ND 1 NO 1 ND 2 ND 1 ND 1
1,1,2-Tr"lometharie ND I ND 1 ND 1 ND I ND I ND I ND 2 ND 1 ND I
Benzene ND 1 ND 1 ND 1 ND 1 ND 1 ND I NO 2 ND I ND I
cis-1,3-Dichloropropene ND 3 ND 2 ND 2 ND 2 ND 2 ND 2 NO 3 ND 2 ND 2
2-ChloroethyMnytettw ND 10 ND 10 ND 10 ND 10 ND 10 ND 1 0 ND 20 ND 10 ND 10
Bromoform ND 4 ND 4 ND 4 ND 4 ND 4 ND 4 ND 4 ND 4 ND 4
2-Hexanons ND 3 ND 2 ND 2 ND 2 ND 2 ND 2 ND 3 ND 2 ND 2
Methyl Isobutyll Ketone ND 3 ND 2 ND 2 ND 2 ND 2 ND 2 ND 3 ND 2 ND 2
TetrachWoethylene ND 3 ND 2 ND 2 ND 2 ND 2 ND 2 ND 3 ND 2 ND 2
Toluene ND 1 ND 1 ND 1 ND 1 ND 1 ND I ND 2 ND I ND I
Chloroberizene ND 4 ND 4 ND 4 ND 4 ND 4 ND 4 ND 4 ND 4 ND 4
Ethylbenzene ND 3 ND 2 ND 2 ND 2 ND 2 ND 21 NO 3 ND 2 ND 2
Styrene ND 3 ND 2 ND 2 ND 2 ND 2 ND 2 ND 3 ND 21 ND 2
o-Xylene ND 5 ND 'ID 5 ND 5 ND 5 ND 5 ND 6 ND 5 ND 5
m, P-Xylerie, (Sum of Ism ND 5 ND N, 5, ND 5 ND 5 ND 5 ND 6 ND 5 ND

Notes: ND - Not delected at or above the MDL Sample ID Breakdown (COSO22A01):
MDL Method Detechon Limit CO - Crab Orchard
Conc Concentration (dry-weight basis) SO - Soil I SE- Sediment I SI.-- Sludge
J .- The associated value is an estimated quantity. 22A .. Site Number
U - The associated result is estimated as non-detwL 01 - Sample Number
(a) - Biased high due to surrogate recovery,
(b) - Biased low due to surrogate recovery.
(c) - Estimated due to surrogate recovery related to sample dilution
(d) - Biased high due to MSIMSD recovery,
(e) - Biased low due to MISIMSD recovery.
(Q - Biased high due to LCS recovery

(08726590 wblfsrh) (g) - Biased low due to LCS recovery. Page 2 of 5
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December 1993 TABLE 10 9213-8108

Summary of Validated TCL Volatile Organic Compound Analyses of Soil, Sediment and Sludge Samples
Phase I - RI. Miscellaneous Areas Operable Unit
Crab Orchard National Wildlife Refuge, Marlon, Illinois

Site SITE 12 SITE 14 SITE 16 SITE 20 SITE 22A
Location

Golder Sample ID COS01204 COS01402 COSO1404 COS01602 COS01604 COSOZ001 COS02002 COSO22A01 COSO22A06
Laboratory Sample ID 93831 inow 100382 100285 100307 90492 90506 93769 93785
Sample Depth Oeet) 11�8 1 5 1 5 1 9 1.8 1 5 1-5 0�8 to 1 -0 2 4
Sample Type Investigative Investigative Investigative Investigative Inyestigab" Investigative Duplicift of COS020 Investigative Investigative
Sample Date 04/3GW 0510319-1 05MW3 0504/93 05/04/93 04/28M QW8/93 04130193 04/30/93
Compound Conc MDL coca MOIL Conc. MOL Conc. MDL Conc. MDL Conc. MDL Cow� MOIL Conc. MDL Cone. iWDL

-get" uc/Ka LialKa uafKa uolKa u(vXa PWKa uaft ua/Ka Uoh(o uaxa uoft umft ucft Uaft uwxa Uwa oaft

INDIVIDUAL PARAMETERS

Acrolein NO 31 ND 4400 ND 35 ND 28 ND 34 ND 32 ND 32 ND 30 ND 31
Acrylonitille ND 100 ND 17000 ND 100 ND 100 ND 100 ND 100 ND 100 ND 100 ND 10
INDIVIDUAL PARAMETERS

Acrolain ND 31 NO 4400 ND 35 ND 28 ND 34 ND 32 ND 32 ND 30 ND 31
Acrylonitrile NO 100 ND 17000 ND 100 ND 100 NO 100 ND 100 ND 100 ND 10( ND 10
VOLATILES

Chloromethane ND 5 ND 700 ND 6 ND 4 ND 5 ND 10 ND 5 ND 5 ND 5
Bromomethane ND 2 ND 360 ND 3 ND 2 ND 3 ND 5 ND 2 ND 2 ND 2
Vinyl Chloride ND 4 ND 540 ND 4 ND 3 ND 4 ND 8 ND 4 ND 4 ND 4
Chloroethane ND I NO 170 ND 1 ND 1 ND 1 ND 2 ND 1 ND I ND I
Methylene Chloride 6 1 210 170 3 U 1 1U I IU 1 22U 2 10U 1 65 1 6U 1
Acetone 59 19 NO 2700 88 21 220 1 7 22 20 370 40 150U 19 ND 1 8 65 1 8
Carbon Disulfide, ND 2 ND 360 NO 3 ND 2 ND 3 ND 5 ND 2 ND 2 ND 2
1.1-Dichloroethene NO 2 ND J(eg) 36C ND 3 ND 2 ND 3 ND 5 ND 2 ND 2 ND 2
1,1-Dichloroothane ND 2 ND 360 ND 3 ND 2 ND 3 ND 5 ND 2 ND 2 NO 2
trans-12-DiChloroethene ND 5 ND 700 ND 6 ND 4 ND 5 ND 10 ND 5 ND 5 NO 5
Chloroform NO 2 ND 360 ND 3 ND 2 ND 3 ND 5 ND 2 ND 2 ND 2
1.2-Dichloroethane ND 2 ND 360 ND 3 ND 2 ND 3 ND 5 ND 2 ND 2 ND 2
Methyl Ethyl Kelone ND 4 ND 540 7 4 ND 3 ND 4 ND 8 ND 4 ND 4 ND 4
1.1,11-Trichloroethane ND 4 ND 540 ND 4 ND 3 ND 4 ND 8 NO 4 ND 4 ND 4
Carbon Tetrachloride ND 2 ND 360 ND 3 ND 2 ND 3 ND 5 ND 2 NO 2 ND 2
Vinyl Acetate NO 10 ND 1700 ND 10 ND 10 ND 1 0 ND 20 ND 10 ND 10 ND 10
Bromodichloromethane ND 2 ND 360 ND 3 ND 2 ND 3 ND 5 ND 2 ND 2 ND 2
1,1,2,2-TetrachWoethene ND 2 ND 360 ND 3 ND 2 ND 3 ND 5 ND 2 ND 2 ND 2
1,2-Dichiciroproparle ND 1 ND 170 NO 1 ND 1 ND I ND 2 ND I ND 1 ND 1

(A trans-1,3-Dichbropropene ND 1 ND 170 ND 1 ND I ND I ND 2 ND 1 ND 1 NO I
Trichloroo4hylem ND 5 ND 700 ND 6 ND 4 ND 5 ND 10 ND 5 ND 5 ND 5
Dibromochlo(omeftne ND I ND 170 ND 1 ND 1 ND 1 ND 2 NO 1 ND 1 14D I
1.1,24fichkaroethane ND I ND 170 ND 1 ND 1 ND 1 ND 2 ND 1 ND 1 ND 1
Benzene ND 1 ND 170 ND 1 ND 1 ND 1 ND 2 ND 1 ND I ND 1
cis-1.3-Dichloropropene ND 2 ND 360 ND 3 ND 2 ND 3 ND 5 ND 2 ND 2 ND 2
2-Chlorroathylvinylethisr ND 10 ND 1700 ND 10 ND 10 ND 1 0 ND 20 ND 10 ND 10 ND 10
Bromoform ND 4 ND 540 ND 4 ND 3 ND 4 ND 8 ND 4 ND 4 ND 4
2-Hexanone ND 2 ND 360 ND 3 ND 2 ND 3 ND 5 ND 2 ND 2 NO 2
Methyl Isobutyl Ketone ND 2 ND 3W ND 3 ND 2 ND 3 ND 5 ND 2 ND 2 ND 2
Tetrachloroethylene ND 2 ND 360 ND 3 ND 2 ND 3 ND 5 NO 2 ND 2 ND 2
Toluene I 1 1 ND 170 ND 1 ND I ND 1 ND 2 0 1 ND I ND 1
Chlorobenzene ND 4 NO 540 ND 4 ND 3 ND 4 ND 8 ND 4 ND 4 ND A
Ethylbenzene ND 2 11300 360 ND 3 NO 2 ND 3 ND 5 ND 2 ND 2 ND 2
Styrene ND 2 ND W ND 3 No 2 ND 3 ND 5 ND 2 ND 2i ND 2
o-Xylene ND 5 46W 700 ND 6 ND 4 ND ND 10 ND 5 ND 5 ND 5
mp-Xylene (Sum of Isomers) ND 5 28000 700, ND 6 ND 4 ND ND 10, ND 5 N 5 ND

Notes: ND - NotdelectedatorabovetheMDL, Sample ID Breakdown (COSO22A01):
MDL - Method Detection Limit CO - Crab Orchard
Conc- - Concentration (dry-weight basis) SO - Sod / BE- Sediment I SL- Sludge
J -The associated value is an estimated quantity, 22A - Site Number
U - The associated result Is esfirnated as non-detact. 01 - Sample Number
(a) - Biased high due to surrogate recovery,
lb) -- Eased low due to surrogate recovery,
(c) - Estimated due to surrogate recovery related to sample dilution.
(d) - Biased high due to MSIMSD recovery.
(e) - Biased low due to MSIMSD recovery
M -- Eased high due to LCS recovery.

(0872659D-wbl/srh) (g) - Biased low due to LCS recovery Page 3 of 5
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Summary of Validated TCL Volatile Organic Compound Analyses of Soil, Sediment, and Sludge Samples
Phase I - RI, Miscellaneous Areas Operable Unit
Crab Orchard National Wildlife Refuge, Marion, Illinois

site SITE 22A SITE 36
Location
Golder Sample ID COS022AO4 COSO22A09 COSO221A1 4 COSO22A12 COSO22A03 COSE3602 COSE3610 COSL3603 COSL3604
Laboratory Sample 111) gule 96257 9527, 3 95265 93424 IGM3 103535 IDD323 100331
Sample Depth ftel) 2.0 2 5 2 5 2 5 0610 0 8 1.0 1.0 0.0 to 1 0 0 0 to I -0
Sample Type Investigative invesugab" Duplicate of COS022 Investigative Investillative Investigative Duplicate of COSE36C Investigative Investigative
S1101210 Data 04rA93 04129/93 OW3/93 05XW3 04/29193 0501993 0506W D51OW3 05/05/93
Compound Conc. MOL Conc MDL Conc MOL Conc. MDL Conc. MDL Coric, MDL Conc MDL Colic. MDL Conc MDLuwxa U04(a ua'Ka pg/Kg PaKa ijg/Kg waft -jaz&uWx vaKa uatKa valKo m<VK:) ualKo uaft wa/Ka

INDIVIDUAL PARAMETERS
Acrotain NO 32 ND 33 ND 32 ND 32 ND 31 ND 44 ND 200 ND 33 ND 86W
Acrylonitrile ND 1(0 ND 100 ND IOD ND 100 ND 100 NO 200 ND 38 ND 10( ND 33000
INDIVIDUAL PARAMETERS
Acrolein ND 32 ND 33 ND 32 ND 32 ND 31 ND 44 ND 200 ND 33 ND 86W
Acrylonitnle ND 100 ND 1(0 ND 100 ND 100 ND 100 ND 2W ND 38 ND 100 ND 3M
VOLATILE$

Chwomethane ND 5 ND 5 ND 5 ND 5 ND 5 ND 7 ND 6 ND 5 ND 3000
Bromomethane ND 2 ND 3 ND 2 ND 2 ND 2 ND 4 ND 3 ND 3 ND 1400
Vinyl Chloride ND 4 ND 4 ND 4 ND 4 ND 4 ND 5 ND 4 ND 4 ND 2080
Chloroethane NO I ND 1 ND I NO I NO I ND 2 ND 2 ND 1 ND 690
Methylene Chloride 2 U 1 1U I 1 U 1 1U I aUj(a 1 ND 2 4 U 2 1U 1 800 690
Acetone ND 1 9 ND 20 31 1 9 230 1 9 ND 19 93 Ile 95 23 109 20 ND 106W
Carbon Disulfide ND 2 ND 3 ND 2 NO 2 ND 2 ND 4 ND 3 NO 3 ND 1400
11-Dichloroathene ND 2 ND 3 ND 2 ND 2 ND 2 ND 4 ND 3 ND 3 ND 140D
1,1.Dichloroethane ND 2 ND 3 ND 2 ND 2 ND 2 ND 4 ND 3 ND 3 ND 1400
trans-1,2-Dichtomethene ND 5 ND 5 ND 5 ND 5 ND 5 ND 7 ND 6 ND 5 ND 3000
Chloroform ND 2 ND 3 ND 2 ND 2 ND 2 ND 4 ND 3 ND 3 ND 1400
1,2-Dichloroethane ND 2 ND 3 ND 2 ND 2 ND 2 ND 4 ND 3 ND 3 ND 1400
Methyl Ethyl Ketone ND . 4 ND 4 ND 4 5 4 ND 4 ND 5 ND 4 ND 4 ND 2080
1,11,1-Trichloroathane ND 4 ND 4 ND 4 ND 4 NO 4 ND 5 ND 4 ND 4 ND 2D80

0 Carbon Tetrachloride ND 2 ND 3 ND 2 NO 2 ND 2 ND 4 ND 3 ND 3 ND 1400
Vinyl Acetate ND 10 ND 10 NO 10 ND 10 ND 10 ND 20 ND 20 ND 10 ND egm
Bromodichloromethane ND 2 ND 3 ND 2 ND 2 ND 2 ND 4 ND 3 ND 3 ND 1400
1,1,2,2-Tetrachloroethane ND 2 ND 3 ND 2 ND 2 ND 2 ND 4 ND 3 ND 3 ND 1400

U1 1,2-Dichkiropropane ND I ND 1 ND 1 ND I ND I ND 2 ND 2 NO I ND 090
trans-1,3-Dichloropmpene ND I ND 1 ND 1 ND 1 ND 1 ND 2 ND 2 ND 1 NO 690
Trichloroethylene ND 5 ND 5 ND 5 ND 5 ND 5 ND 7 ND a ND 5 ND 30DO
Dibromochloromethane ND I ND 1 NO 1 ND 1 NO 1 ND 2 ND 2 ND 1 ND 890
1.1.2-TriGhloroethane ND 1 ND I ND I ND 1 ND I ND 2 ND 2 ND 1 ND ego
Benzene ND 1 ND 1 ND 1 ND 1 ND I ND 2 ND 2 ND 1 ND ego
cis-1.3-DichIoropropene ND 2 ND 3 ND 2 ND 2 NO 2 ND 4 ND 3 ND 3 ND 1400
2-Chlomethylvinylether ND 10 ND 10 ND 10 ND 10 NO 10 ND 20 ND 20 ND 10 ND 69DO
Bromoforin ND 4 ND 4 ND 4 ND 4 NO 4 NO 5 ND 4 ND 4 ND 20W
2-Hexanorve ND 2 ND 3 ND 2 ND 2 ND 2 ND 4 ND 3 ND 3 ND 1400
Me" Isobutyl Ketone ND 2 ND 3 ND 2 ND 2 ND 2 ND 4 ND 3 ND 3 ND 1400
Tetrochkiroethylene ND 2 ND 3 ND 2 ND 2 ND 2 ND 4 ND 3 ND 3 ND 1400
Toluene ND 1 ND I ND I ND 1 ND 1 ND 2 ND 2 ND 1 ND 890
Chlorobenzene ND 4 NO 4 ND 4 ND 4 ND 4 ND 5 ND 4 ND 4 ND
Ethylbenzene ND 2 ND 3 ND 2 ND 2 ND 2 ND 4 ND 3 ND 3 ND 1400
Styrene ND 2 ND 3 ND 2i ND 2i ND 2 ND 4 ND 3 ND 3 ND 1400
o.Xylene ND 5 ND 5 ND 5 ND 5 ND 5 ND ND 6 ND 5 ND 3000
m p-Xylene,'Su- of isomers) ND S. ND 5 ND 5 ND 5 ND 51 ND ND 6 ND 51 Q 30001

Notes: ND - Not oerectea at or above the MDL Sample ID Breakdown (COSO22A01):
MOL - Method Detection Limit CO Crab Orchard
Conic. - Concentration (dry-weight basis) SO Soil / SE- Sediment I SL- Sludge
J - The associated value is an estimated quantity. 22A - Site Number
U - The associated result is estimated as non-detect 01 - Sample Number
(a) - Biased high due to surrogate recoveiry,
(b) - Biased low due to surrogate recovery
(c) .- Eshmated due to surrogate rommery related to sample dilution
(d) - Biased high due to MSOASD fec,"ry.
le) - Biased low due to MSJM'�,C recortery�.
(I) Biased high due to LCS iecovery-

(087-218590.wb11srh) (9) Biased low due to LCS recovery Page 4 of 5
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Summary of Validated TCL Volatile Organic Compound Analyses of Soil. Sediment and Sludge Samples
Phase I - RI, Miscellaneous Areas Operable Unit
Crab Orchard National Wildlife Refuge, Marion Illinois

site SITE 36
Location
Golder Sample ID COSL3605 COSL3W6 COSL3W7
LaboratDry Sample 10 100340 100:169 100250
Sample Depth (f-Q 0 0 to I 0 0 0 to 1 0 0-0 to I �0
Sample Type Investigative Investigative Investigative
Sample Date [1,5105/93 05/04/93 05104193
Compound Conc MDL Cor�c MOL Conc MDL

i j 'Kg PQIKa IJQA<Q Pa'KQ

INDIVIDUAL PARAMETERS

Acrolein ND 61 ND 35 ND 38
Acrylonildle ND I'm ND 100 ND 200
INDIVIDUAL PARAMETERS

Acrolein ND 61 ND 35 ND 38
Acrylonitrile ND 200 ND l(O ND 200
VOLATILES

Chloromethane ND 50 ND 6 ND 13
Bromomethane ND 20 ND 3 ND 3
Vinyl Chloride ND 36 ND 4 ND 4
Chlorciethane ND 1 2 ND 1 ND 2
Me"ene Chloride ND 1 2 3U 1 2U 2
Acetone 880 181 40 21 66 23
Carbon Disufficle ND 20 ND 3 ND 3
"ll-Dictilomethe ND -10 ND 3 ND 3
11-Dichlonoethane ND 20 ND 3 ND 3

0 trans-1,2-Dichioroathene ND 50 ND 6 ND a
FL chloroform ND 20 ND 3 ND 3

1,2-Dichbroethane ND 20 ND 3 ND 3
Methyl Ethyl Ketone 161 38 ND 4 ND 4
1,11,1-Trichloroathane, ND 36 ND 4 ND 4
Carbon Tetrachloride ND 20 ND 3 NO 3
Vinyl Acetate ND 1110 ND 10 ND 20
Bmmodichioromethane ND 20 ND 3 ND 3
11,11,2,2-Tetrachilorciethane ND 20 ND 3 ND 3
11,2-Dichkiropropans ND 1 2 ND 1 ND 2
trans-1.3-Dichloropropene ND 12 ND 1 ND 2
Trichloroethylene ND 50 ND 6 ND 6
Dibromochioronnethane ND 12 ND I ND 2
1,11 .2-Trpchloroethane ND 12 ND 1 ND 2
Benzene ND 1 2 NO 1 ND 2
cis-1,3-Dichloropropene, ND 20 NO 3 ND 3
2-ChloroothyMnylether ND 120 ND 10 ND 20
Bromoform ND 38 ND 4 ND 4
2-Hexanone ND 20 ND 3 ND 3
Methyl Isobutyl Ketone ND 20 ND 3 ND 3
Tetrachlorcethylene ND 20 ND 3 ND 3
Toluene ND 12 NO 1 ND 2
Chlorobenzene ND 36 ND 4 ND 4
Ettybenzene ND 20 ND 3 ND 3
Styrene ND 20 ND 3 ND 3
o-Xylone el so ND 8 ND 6
m.p-Xylpne jSum of Isomes) 58 5( ND 61 Nr)__ 61

Notes� ND - NotaetectectatorabovetheMDL Sample ID Breakdown (C
MDL - MetincdDetectionLimil: CO - CrabOrchard
Conc - Concentration(dry-weVintbasts) SO -Soil/ SE-Sedi
J -- The associated value Is an estimated quantity. ' 22A - Site Number
U - The associated result is estimated as non-detect, 01 -- Sample Number
(al, --- Biased high due to surrogate recovery.
(,)) -- Biased low due to surrogate recovery-
jo) - Estimated due to surrogate recovery related to sample dilubw
(d) --- Biased high due to MSAASD recovery
(e) - Biased low due to MSIMSD recovery.
(f]i - Biased high due to LCS recovery-

(08726590wtillsm) (g) - Biased low due to LCS recovery- Page 5 of 5
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TABLE 11

Summary of TCL Validated Soirrwolable Organic Compund Arialyses of Soil. Sediment and Sludge Samples
phase I - RI, Miscellarmmus Areas Operable Unit
Crab Omhwd National Wildiffe Refuge, Marion, Illinois

Sfte SITE 7 SITE 7A SITE 8 SITE 9 SITE 10Location

Golder Sample ID COSE0701 COS007ADI C0SO07A03 COS007A06 COSO07A07 COSODW1 COSED901 COSE1001 COSE1003
Laboratory Sample ID 103WS 103M 103075 103NI 103713 103464 i0sw 107840 ICY7859
So"" Depth Poo 1.71DIA 1.4 1.5 to I �e 1.6 to 1.7 1.5 1.6 to 1.7 201o21 1.5 to 1.8 1.8 to 2.3
SwIll" Type InvVetigsh" MV*sbgat- lmwmgatw Investigative Investigati've investgafive kwasogwi- Investigative Invest"b"
Sm* Daft 050071V3 05107NS 0W7jQ3 05007/93 05WN3 0� 0� 0� 0�

Conripound crew. Mu. Conc. MDL Conc. MDL CDnc. MDL Conc. MDL Conc. MDL Conc. MDL Conc MDL Conc. MDL
LKWIa uaft Uaft uaft UQKa LKWG UaKc Wft UaKa U uQq(b uUnc. UjZL uj uarKa

INDWIDUAL PARAMETERS
Carbazole ND 410 ND 410 ND 400 NO 410 ND 410 ND 330 ND 330 ND 4W ND 440
n-Nitiosodimothylamine ND 410 NO 410 ND 400 NO 410 ND 410 ND 330 ND 330 ND 480 ND 440

SEMWOLATILE ORGANICS
P11611101 ND 64 ND 84 ND 82 ND 85 ND 85 ND 88 ND 88 ND go ND 911
bis(2-ChloroethyQather ND 112 ND 112 ND 110 ND 114 ND 114 ND 91 ND RI ND 128 NO 121
2-Chlorophenol ND 100 ND 180 ND 100 ND 100 ND Iw ND 130 ND 130 ND lw ND 170
1,21-Dichlowbenzone ND w ND 80 ND 78 ND 81 ND 81 NO e5 ND 85 ND 92 NO 67
I+Dichlorobenzone ND Se ND 88 ND 84 NO 68 ND 88 ND 70 ND 70 ND es ND 93

1,2-Dichlorobenzene ND 84 ND 84 ND 82 ND as ND 85 ND 08 ND ea ND go ND 91
2-Methyllibenol ND 150 ND 150 ND 140 ND 150 ND ISO ND 120 ND 120 ND 170 ND lw

9 bis(2-ChIo-swropAothw ND 112 ND 112 ND 110 ND 114 ND 114 ND 91 ND 91 ND 128 ND 121
Jr 4-Methylph" ND 53 ND 53 ND 52 ND 54 ND 64 ND 43 ND 43 ND 80 ND 57
40 n-1,111rosodi-n-propylamine ND go ND go ND OS ND 100 ND 100 ND w NO go ND 113 ND 107

Hwachlooethane ND 09 ND 89 ND 87 ND 70 ND 70 ND 56 ND 58 ND 79 ND 75
1,111brobwans NO 140 ND 140 ND 130 ND 140 NO 140 ND 110 NO 110 ND 150 ND 150
Isophoron* ND 150 ND 150 ND 140 ND 150 ND 150 ND 120 ND 120 ND 170 ND lw

FA 2-Nftrophenol ND 280 ND 280 ND 280 ND 290 ND 290 ND 230 ND 230 ND 320 ND 310
2,4-Dimethylphariol ND 200 ND 200 ND 190 ND 200 ND 200 ND lw ND 180 ND 220 ND 210

bis(2-ChIoroethcxV)msftne ND Iw ND lw ND lw ND 190 ND 190 ND 150 ND ISO ND 210 ND 200
2,4-Dewophenol ND 220 NO 220 ND 220 ND 220 ND 220 ND Iw ND ISO ND 250 ND 240
1,24-Trichlorokienzene ND 112 ND 112 ND 110 ND 114 NO 114 ND 91 ND RI ND 125 ND 121
Naphthalene ND 112 ND 112 ND 110 ND 114 ND 114 ND 91 ND 91 ND 125 ND 121
4-Chlorcianiflne ND 340 ND 340 ND 340 ND 350 ND 350 ND 280 ND 2W ND 390 ND 370

Hexachiorobutadlorie ND 102 ND 102 ND 100 ND 104 ND 104 ND 83 ND 83 ND 117 ND ill
4-Chloro-3-methylphenol ND 200 ND 200 ND 190 ND 200 ND 2DO ND lw NO Iw ND 220 to 210
2-Methy1naphthalene ND 220 ND 220 ND 220 ND 220 ND 220 ND Iw ND lw ND 250 ND 240
Hwmwhloro� adisns ND 150 ND 160 ND 140 ND 150 ND 150 ND 120 ND 120 ND 170 ND lw
Z4,6-Trichimoph" ND lw ND 180 ND Iw ND 190 NO 190 ND ISO ND ISO ND 210 NO 200

Z4.5-TrIchlorophancil ND 100 ND 100 NO 98 ND 101 ND 101 ND Si ND 81 NO 114 ND 106
2-ChWonspliftlem ND 112 ND 112 ND 110 ND 114 ND 114 ND GI ND 91 ND 128 NO 121
2-Niltroanifine ND 270 ND 270 ND 2w ND 280 ND 2W ND 220 ND 220 ND 310 ND 2DO
Dimathyl phthalate ND w ND 80 ND 78 ND 81 ND SI ND es NO 85 ND 92 ND 87
Aoenap1djW4 ND 92 NO 92 ND 90 ND 94 ND 94 ND 75 NO 75 ND 108 ND IOD

3-Nibroansline ND 340 ND 340 ND 340 ND 350 ND 350 ND 2W ND 2W ND 390 ND 370
Acenaphthens NO 100 ND 100 ND 96 ND 101 ND 101 NO Si ND Si ND 114 ND 108
Z4-Dsnwopn*W ND 62 ND 62 ND w ND 82 ND 82 ND 50 ND so ND 70 ND 67
4-Nitrophenol ND 63 ND 83 NO el ND 64 ND 64 ND 51 ND 51 ND 72 ND 88
Dib� n ND 220 NO 220 ND 220 ND 220 NO 220 ND 180 ND 180 I ND 250 ND 240 1

(0S7lUW.wblhwfi) Pap 1 ol 10
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TABLE 11
Summary of TOL Valklated SomWatile Organic Compund Anstyses of Soll, Sediment and Sludge Samples
Phase I - RI, PA"lanoous Aron Operable Unit
Crab Orchard Nobonal WWI" RefiVe. Marion, Illinois

Site SITE 7 SITE 7A SITE 8 SITE 9 sm lo
Location
Goldor Semple ID COSED701 COSO07A01 COSO07A03 C0SOQ7A05 COSO07A07 COSO0801 COSE09DI COSE1001 COSEI0D3
Labor" Samplelf) 103M8 103NO 103675 103M 103713 louu 103497 107M 107M
Semple Depth 1.7 to 1.8 t4 1.5 to 1.8 1 0 to 17 1�5 1.8 to 1.7 2.0 to 2.1 1.5 W 1.8 1.8 to 2.3
Semple Type lw� Irmistigative, investigative Invesfigal- Invesligative In-sbastive, Immesbgative Investigative Investigatme
Sample Deft 05MM 05107193 0507)93 05007/93 05/07)93 Oaloew 06100MI osiOiWl 0�

chips cow. mm coal MDL Conc. MDL Conc MDL Conc. mDL conc. MDL Conc. MDL Conc. MDL Conc. MDL
Uaft uaft Uoft uaft tgww u2ft Uaft uaft uaft fi� &L Uft LKW19 UWWO uaft u� uol�

Z4-Dnibololuene NO 92 ND 92 ND 90 ND 94 ND 94 ND 75 ND 75 ND 106 ND 100
ZS-DINVolbluem ND 112 ND 112 ND 110 ND 114 ND 114 NO 91 ND 01 ND 128 ND 121
Diethyl phthalate ND 150 ND 150 ND W ND 150 ND ISO ND 120 ND 120 NO I M ND 180
4-c� i p" sow ND 120 ND 120 ND 120 ND 120 NO 120 ND 100 ND 100 ND 140 ND 130
Fluorens ND 100 ND 100 ND 98 ND 101 ND 101 ND 81 ND $I ND 114 ND 108

4-Nitroanifins ND 750 ND 750 ND 730 ND 760 ND 780 ND 610 ND 8110 ND Sao ND 810
2-methylAIA-dInitraphenol ND 220 ND 220 ND 220 ND 220 ND 220 ND 180 ND 180 NO 250 ND 240
n-Nitmeodiphonylannine ND ISO NO 150 ND 140 ND ISO ND 150 ND 120 ND 120 NO 1 M ND 180
4a.*phyi 0.11A ther ND ISO ND 150 ND 140 ND 150 ND 150 ND 120 ND 120 ND 170 ND 180

0 Hocachkx("nz*m ND 150 ND 150 ND 140 ND 150 ND 150 ND 120 ND 120 ND 170 ND 160
CL
G Pentachlorophenol ND 990 ND goo ND 9W ND 1000 ND 1000 ND Boo ND 800 ND 1130 ND 1070

Phenarithrom ND 120 ND 120 ND 120 ND 120 ND 12D NO 100 ND 100 450 140 ND 130
Anthracene ND 120 ND 120 ND 120 ND 120 ND 120 ND 100 ND 100 NO 140 ND 130

40 Di-n4k" phthalate NO 120 ND 120 ND 120 ND 120 ND 120 ND 100 ND 100 ND 140 ND 130
0 Fluorantherw ND 112 NO 112 ND 110 ND 114 ND 114 ND 91 ND 91 ago 128 ND 1210

PY-- ND 22D ND 220 NO 220 ND 220 ND 220 ND 180 ND ISO 510 250 ND 240
B"M b-ro od-l-ts ND 220 ND 220 ND 220 ND 220 ND 220 ND ISO ND ISO NO 250 ND 240
3,3-Dichlorobenzkfirm ND 220 ND 220 ND 220 ND 220 ND 220 ND ISO NO ISO ND 250 ND 240
Bertzo(a)anthrooene ND 220 ND 220 ND 220 ND 220 ND 220 ND ISO ND 180 250 250 ND 240
bisp-EthytherAphthaMe ND 370 ND 370 ND 380 ND 380 ND 380 ND 300 ND 300 300 420 ND 400

Chrys" ND 250 ND 250 ND 240 ND 250 ND 250 NO 200 ND 2DO ND 29D ND 270
1314i-mV phthalsts ND 200 ND 200 ND 190 ND 2DO NO 20D ND 180 ND ISO NO 22D ND 210
Berum(b)fluoranth- ND 210 ND 210 ND 200 ND 210 ND 210 ND 170 ND 170 340 240 ND 230
Benr*41luonanthano ND 410 ND 410 ND 400 ND 410 ND 410 ND 330 ND SW ND 480 ND 440
Benzo(a)pyrone ND 220 ND 220 ND 220 ND 220 ND 220 ND 180 ND ISO ND 250 ND 240

Ind*no(IZ3-cd)pyrene ND 200 ND 200 ND 190 ND 200 ND 200 ND 160 ND 180 NO 220 NO 210
Dib*r.z(*,h)snthrao9m ND 81 ND 81 ND 80 NO 82 ND 82 ND Os ND as ND 93 ND 86
Bwizo(p h. JperO"* tu 200 I ND 200 ND 190 ND 200 I ND 200 I ND 160 NE) 100 ND 22D I ND 210

Notes: Semple ID Breakdown (COSO22A01): Created: SK
ND - Not detecled at or above the MDL. CO - Crab Orchard Reviewed: RP
MDL - Method Delactim Limit 90 - Sod /SE-Sedment ISL-Skxlp Chocked: MD
Conc. - Concentration (dry�wsight basis) 22A - Site Number

01 - Semple Number

(08711INIM.wbilarh) Page 2 of 10
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TABLE 11
summary of TCL V*JWsW S*mKvWb Organic Compund Analyses of Sod, Sediment and SWife Samples
Phase I - RI, Miscellaneous Aress, Operable Unit
Crab Orchard National Wildlife Refuge, Marion, Illinois

Site SITE 11 SITE liA SITE 12
Location
Gokler Sample ID COSO1101 COSOIIAOI COSOlIA09 COS0111A02 COSOl 1 A03 COSOlIA04 COSO1201 COS01207 COS01202
Laborabory Sample ID 103832 107875 108138 1078113 107930 11079,18 9M7 93840 guis
Sample Depth (Feell) 117 to 1.9 1.5 to 1.6 1.5 to 1.8 L7 to 1.0 1.7 to 1.8 1 .7 to 1,8 1.8 lo 2.2 1 .8 to 2 2 1.9 to 2.2
Sample TWO kwootgat- InvosdgMw* DuplicateofCOSlIA01 Investigative hw� xtva WAV$bogb- Investigative Duplicate of COS01 201 Immstigstive
Sample Daft 05107103 oulaw OU10193 oulow mm 05110W 040(M 04130,93 04MUM

Compound Corc. MU. Conc. MOIL Conc, MOIL Coric. MDL Coric. mm. Conc. MDL Cone. MDL Conc. MDL Conc. MDL
uaft LKW19 uarKa uaft U04(a uwxQ Uaffa uWKa uaft u0ma L-aft ugft uaft uaft LKOQ Uaft Uaft Uaft

INDIVIDUAL PARAMETERS

Carbazole ND 42D ND 400 ND 390 ND 410 ND 410 ND SW ND 410 ND 390 ND 410
ri-NitrosWimethylamins ND 420 ND 400 ND 390 ND 410 ND 410 ND 500 ND 410 ND 390 ND 410

SEMIVOLAITLE ORGANICS
P1141111,1101 NO 88 ND 83 ND 81 ND 85 ND 85 ND 103 ND 84 ND 80 ND 85
bis(2-ChIovovthyQether ND 115 ND III ND 108 ND 114 ND 114 ND 138 ND 112 ND 107 ND 114
2-Chlorophend ND Iw ND 180 ND ISO ND lw ND ISO ND 200 NO leo ND 150 ND 180
1,3-Dichlorobenz9ft NO 82 ND 79 ND 77 ND 81 ND el ND 98 ND 80 ND 78 ND 81
1.4-Dichlorobsin;tene ND ao ND 85 ND 83 ND 88 ND 88 ND 1(8 ND w ND 82 ND all

11,20chlorob*rizene NO 88 ND 83 ND 81 ND 85 ND 85 ND 103 NO 84 ND 80 ND 85
2-Methylphand ND 150 ND ISO ND 140 ND ISO ND 150 ND 180 ND 150 ND 140 ND 150
bis(2-Chlorolsopropyl)ether NO 115 ND Ill ND 108 ND 114 ND 114 ND 136 ND 112 ND 107 ND 114
4-Methylphonol ND 54 ND 52 ND 51 ND 54 ND 54 ND 65 ND 53 ND 50 NO 54
n-hittroaccli-n-propylemine ND 101 NO Os ND 95 ND IO() NO 100 ND 121 NO De ND 94 ND 100

I-Imachloroethane ND 71 ND 08 ND 87 ND 70 ND 70 ND 85 ND 89 ND Be ND 70
Nitiobenzem NO w ND 130 ND 130 ND 140 ND 140 NO 170 ND 140 ND 130 ND 140
Isophorone ND 150 ND 150 ND 140 ND 150 ND 150 ND 180 ND 150 ND 140 ND ISO

(A 2-Nitrophonoll ND 290 ND 280 ND 270 ND 290 ND 290 ND 350 ND 250 ND 270 ND 290
2.4-Dimetti)4phoW ND 200 ND 200 ND 190 ND 200 ND 200 ND 240 ND 200 ND 190 ND 2DO

bis(2-Chloroothoacy)methane ND 190 ND ISO ND 180 ND 190 ND 190 ND 230 ND 180 NO 180 ND 190
2,4-Dichorophenoll NO 230 ND 220 ND 210 ND 22D ND 220 ND 270 ND 22D ND 210 NO 220
1,2,4-Trichlomberizone ND 115 ND ill ND 108 ND 114 NO 114 NO 138 ND 112 ND 107 ND 114
Naphthalene ND 115 ND ill ND 108 ND 114 ND 114 ND 138 ND 112 ND 107 ND 114
4-Chloroartiline ND 350 ND 340 ND 330 ND 350 ND 350 ND 420 ND 340 ND 330 ND 350

Hexachlorobubdaine ND 105 ND 101 ND go ND 104 ND 104 ND 128 ND 102 ND Os ND 104
4-Chloro-34nethylphand! ND 200 ND 200 ND 190 ND 200 ND 200 ND 240 ND 200 ND 190 NO 200
2-MethyInspirithelene ND 230 ND 220 ND 210 ND 220 ND 220 ND 270 ND 220 ND 210 ND 220
Heeschlorocy1copentadiene ND ISO ND 150 ND 140 ND ISO ND 150 ND 180 NO 150 ND 140 ND 150
2,4,11-Trichlorophenol ND 190 ND 180 ND ISO ND 190 ND 190 ND 230 NO ISO ND 180 ND 190

2,4,5-Trichlorophenol NO 102 ND 99 ND 96 ND 101 ND 101 ND 123 ND 100 ND 95 ND l(I
2-Chlorovisphthateris ND 115 ND ill ND 108 ND 114 ND 114 ND 138 ND 112 ND 107 ND 114
2-Nitroarillins ND 280 ND 270 ND 200 NO 280 ND 280 ND 330 NO 270 ND 280 ND 280
Dimethyl phthalats ND 82 ND 79 ND 77 ND 81 ND 81 ND Oa ND 80 ND 78 ND SI
Acenaphthylene ND 95 ND Ill ND so ND 94 ND 94 ND 114 ND 92 ND 88 ND 94

3-Nitrownifins ND 350 ND 340 ND 330 ND 350 ND 350 ND 420 ND 340 ND 330 ND 350
Acwmph#- ND 102 ND go ND 96 ND 101 ND 101 ND 123 NO 100 ND 95 ND 101
2,4-Dinitiopheriol ND 83 ND el NO w ND 62 ND 62 ND 78 ND 82 ND 59 ND 82
4-Nilizaphonoll ND 84 ND 82 NO el ND 84 ND 64 ND 77 ND 63 ND 80 NO 64
Dibenzaturan ND 230 I ND 220 ND 210 I ND 220 ND 220 I NO 270 I ND 220 . ND 210 I ND 220

(W7lNW.wbI1wh) Pap3o(10
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TABLE 11

Summary of TCL Validated Sernivolefile Organic Compund Analyzes of Soil, Sedment, and Sludge Somples
Phase I - RI, Miscellaneous Areas Operable Unit
Crab Orchard Notions! Wildlife Refuge, Marion, Illinois

sea SITE I I SITE IIA SITE 12
Location
Golder Sample ID COSO1101 COS011AG1 COSDIIA09 COSOlIA02 COSO11A03 COSO11A04 COS012DI C0901207 C0901202
Laboratory Sample ID 103632 107875 106138 107M 107930 1107948 9W7 93M 93815
Sample Depth 0-0 1 .7 to 1.9 1�5 to 1A 1.5 to 1.6 1.7 lo 1.9 1.7 to 1.8 1.7 to 1.8 1.8lo2.2 1.8 to 2.2 1.9 to 2.2
Semple Type Investioath's Investigathe DuplicsUo(COS111A01 Irmstigathe wiestigative Invesbaxti- kr-sbgst- Dupkaboo(COSDI201 Investigative
Sample Date 05WI93 OWID/93 05MO/93 WI = OVIU911 OSM0193 04r.&W 0430W 04130193

Compound Conc- MDL Conc. MDL Conc. MDL Conc. MOL Cone. MDL Conc. MDL Corr- MDL Cone, MDL Cone. MDL
uaft tKwa uaft uoft uo/Ko U01(h UMI(o uaft U04(o j� Wft uaft Uaft uaft uaft u

2,40nierotoluene ND 95 ND 91 ND so ND 94 ND 94 ND 114 NO 92 ND 88 ND 94
2,8-Dinkroboitions ND 115 NO ill ND 108 ND 114 ND 114 ND 138 ND 112 ND 107 ND 114
Diethyl Oftalate ND 150 ND ISO ND 140 ND ISO ND ISO ND 180 ND ISO ND M ND 150
4-ChWopherryl pheny! either ND 130 ND 120 ND 120 ND 120 ND 120 ND 160 ND 120 ND 120 ND 120
Fkw*ne ND 102 ND go ND go NO 101 ND 101 NO 123 ND 100 ND 95 ND 101

4-Wroanifine ND 770 ND 740 ND 730 ND 700 ND 780 ND 920 ND 750 ND 720 ND 780
2-mottrylk4.6-dinitropheirtol ND 230 ND 220 ND 210 ND 220 NO 220 ND 270 ND 220 ND 210 ND 220
n-Nitrosodiphanylamine ND ISO ND ISO ND 140 ND ISO ND ISO ND 180 ND 150 ND 140 ND 150
4-Brompherwyl pherwyl other ND ISO ND ISO ND 140 ND ISO ND ISO ND 180 ND ISO ND 140 ND 150
HeachWationzene ND 150 ND 150 ND 140 ND ISO ND ISO ND 180 ND ISO ND 140 ND 150

PentWhWq)hWK4 ND 1010 ND 9w ND 950 ND 1000 ND 1000 ND 1210 ND goo ND 940 ND 1000
Ptwmrdhrww ND 130 ND 120 ND 120 ND 120 ND 120 ND 150 ND 120 320 120 ND 120
Anthraceno ND 130 ND 120 ND 120 ND 120 ND 120 ND 150 ND 120 ND 120 ND 120
Di-n-butyl phthaleft ND 130 ND 120 NO 120 ND 120 ND 120 ND ISO ND 120 ND 12D ND 120
Fluorantheine ND 115 ND ill ND 108 ND 114 ND 114 ND 138 ND 112 ND 107 ND 114

Py'. ND 230 ND 220 ND 210 ND 220 ND 220 ND 270 ND 220 420 210 ND 220
Butyl beracyl phthelate ND 230 ND 220 ND 210 HD 220 NO 22D ND 270 ND 220 NO 210 ND 220
3,3-DichkiviberaWhis ND 230 ND 220 ND 210 ND 220 ND 220 NO 270 ND 220 ND 210 ND 220
Bwao(a)anthraoene ND 230 ND 220 NO 210 ND 220 ND 220 ND 270 ND 220 ND 210 ND 220
bis(2-EthyIhwicyI)phth&1a1s ND 380 ND 300 NO 380 ND 380 ND 350 ND 4.50 ND 370 ND 350 ND 380

Chry- ND 250 ND 240 ND 240 ND 250 ND 250 ND 300 ND 250 ND 240 ND 250
131-n-octyl phthalats ND 200 ND 200 ND 190 ND 200 ND 200 ND 240 ND 2DO NO 190 ND 200
Benzoftfluorantherne ND 220 ND 210 ND 200 ND 210 ND 210 ND 290 ND 210 ND 2DO ND 210
Berizomiluorwithene ND 420 NO 400 ND 390 ND 410 ND 410 NO 500 ND 410 ND 300 ND 410
B-o(s)py- ND 230 ND 220 ND 210 ND 220 ND 220 NO 270 ND 220 ND 210 ND 220

Indeno(l,2,3-cd)pyrene ND 200 ND 200 ND 190 ND 2DO ND 200 ND 240 ND 200 ND 190 ND 200
Ditienz(ah)w(dirsovine ND 84 ND 80 ND 78 ND 82 ND 62 ND 100 ND el ND 78 ND 82
Benzo(a.h.Uperviene ND 2DO ND 200 ND 190 ND 2DO ND 2DD ND 240 ND 2DO ND 190 ND 200

Notes: Semple ID Breakdown r-OS022AGI): Created: SK
NO - NotdolactsdatorabovetheM13L. CO - GrabOrchard Rir�i� � RP
MDL - Method Dwhiction Limit SO - Sad ISE-Sediment ISL-Sludge Checked: MD
Conc. - Conceriftfion (dry-vosight basis) 22A - SiteNumber

01 - SomplaNumber

(0871MM.wbl" Page4of`10
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TABLE 11
Summary of TCL ValidaW Samhoolatile Organic Compund Analyses of Soil, Sediment and Sludge Samples
Phase I - R1, Miscallonmis Are" Operable Unit
Crab Orchard N&Wnaf Wikliffe ReNge, Marion, Illinois

Site SITE 14 SITE 16 SITE 20 S1TE 22A
Location
GokW Sample 1) COS01401 COS01403 COSDIS01 COS0180 COSO2DDl COGO2D02 C09022A01 COSO22A02 COSO22A03
Laboratory Sample ID 100358 IOD374 100277 100293 90402 90505 93740 93777 OU24
Sample Depth &so 1.4 to 1.5 1.4 to 1.5 0 5 to 0 a 01 to 0.8 1.0 to 2.0 1.0 to 2.0 0.8 lo 1.0 2.4 to 2.7 0�8 to 0 a
Sample TY" kw-boau- Invostio"Ys IwAstostive 1mvetigntive 1"Yestoati- Duplicate of COSOM Invesb9ative 1"Vesbasove Investigative
Sample Data 0510M 05A)SW 059WO3 05AMM 04rim 04r2M 04/XM 04rJ(M D4r2M

Compound Cone. MDL Cum. mm Conc. MDL Conc. MDL Conc. MDL Conc. MOL Conc. MDL Corr- MDL Conc. MDL
Uoft uoft uaft uorKo uJZL--- U= Loft axe _UjZL- uaft Wft -gj5L wft uuft uaft LOXO uQK9 uo/Ko

INDMDUAL PARAMETERS
Carbazole NE) 470 ND 480 ND 380 ND 440 ND 420 NO 420 ND 400 ND 410 ND 410
n-Nitrosodirnathytarnine ND 470 ND 480 NO 380 ND 440 ND 420 ND 420 ND 400 ND 410 ND 410

SEMIVOLATILE ORGANICS
Phenol ND 97 ND 94 ND 77 ND 92 ND 87 ND 87 ND 83 ND 84 ND 85
bis(2-Chloroethyl)wther NO 130 ND 125 ND 103 ND 123 ND 117 ND 117 ND ill NO 112 ND 114
2-Chlorophenol ND ISO ND 180 ND 150 ND 180 ND 170 ND 170 ND 100 ND 180 ND ISO
11.3-Dichlorobanzene NO 93 ND go ND 74 ND 88 ND 83 ND 83 NO 79 ND OD NO 81
1.4-Dichkx� no ND 10( ND 97 ND 80 ND 94 ND 90 ND 90 NO as ND 88 ND 88

0
rL 1,2-Dichlorobenzsne ND 97 ND 94 ND 77 ND 92 ND 87 ND 87 ND 93 ND 64 ND 85
lb 2-Methylphervol ND 170 ND 170 NO 140 ND 180 ND 150 ND ISO ND 150 NO 150 ND 150
9 bis(24hloroisoprop�sther ND 130 ND 128 ND 103 NO 123 ND 117 ND 117 ND Ill NO 112 ND 114

t Zmathylpi-'d ND el ND 60 ND 49 NO 58 ND 55 ND 55 NO 52 ND 53 NO 54
11111 "Itrosotli-n-propylarnine, ND 114 ND ill ND 91 ND 108 ND 102 ND 102 ND 98 NO 99 ND 100

Hexachloroetharm NO so ND 78 ND 64 ND 76 ND 72 ND 72 ND ea ND 80 ND 70
W'W"" NO 180 ND ISO ND 120 ND 150 NO 140 ND 140 ND 130 ND 140 NO 140Mo. ND 170 ND 170 ND 140 ND ISO ND 150 ND 150 ND ISO ND 150 NO 150

&a 2-Nitropher" ND 330 ND 320 ND 200 NO 310 ND 2DO ND 290 ND 280 ND 250 NO 290
2,4-Dimethylphenol ND 230 ND 220 ND 180 NO 220 ND 2DO ND 2DO ND 200 ND 200 ND 200

bis(2-ChkwoetJwky)methsns ND 210 ND 210 ND 170 ND 200 ND 190 ND 190 NO 180 ND ago NO 190
2,4-Dichorophanal ND 200 ND 250 ND 200 ND 240 ND 230 ND 230 ND 220 ND 220 NO 220
1.2,4-Trichlorobanzens ND 130 ND 128 ND 103 ND 123 ND 117 ND 117 ND ill ND 112 NO 114
Naphthalene NO 130 ND 126 ND 103 ND 123 ND 117 ND 117 NO Ill ND 112 ND 114
4-Chloroanifina, ND 400 ND 390 ND 320 ND 380 NO 300 ND 360 ND 340 ND 340 ND 350

Haxact*wobutsdiena ND lie ND 115 ND 94 ND 112 ND 106 ND 106 ND 101 ND 102 NO 104
4-Chloro-3� phonol ND 230 ND 220 NO 180 ND 220 ND 200 ND 2DO ND 2DO ND 2DO ND 2M
2-Methonaphthalene, ND 260 ND 250 ND 200 ND 240 ND 230 ND 230 ND 220 NO 22D ND 220
Hexachlorococope6tadiene ND 170 ND 170 ND 140 ND 160 ND ISO NO 150 ND ISO NO 150 ND ISO
Z4.8-TwWrophenol ND 210 ND 210 NO 170 ND 200 ND 190 ND 190 ND ISO ND ISO ND 190

2,4.5-TrichWophand ND lie ND 112 ND 92 ND lD9 ND 104 ND 104 NO 90 ND 100 ND 101
2-Chloronsphthalene ND 130 ND 12a ND 103 ND 123 NO 117 ND 117 ND Ill ND 112 ND 114
2-Nitmanifine ND 310 ND 300 ND 250 ND 300 ND 280 ND 280 ND 2M ND 270 ND 280
Dims" phlhalats ND 93 ND go NO 74 ND 88 ND 83 ND 83 ND 79 ND so ND el
Acenaph*ylane ND 107 ND 104 ND as NO 101 ND 96 ND 96 ND 91 ND 92 ND 94

3-Niftoanilln* ND 400 ND 390 ND 320 ND 380 ND 300 ND 380 ND 340 NO 340 ND 3W
Acensphtf- ND lie ND 112 ND 92 ND 109 ND 104 ND 104 ND 90 14D 110( ND 101
2,4-Dwftq*ano1 ND 71 ND 00 ND 57 ND 68 ND 64 ND 64 ND el ND 62 ND 82
4-Nitrophenol ND 73 ND 71 ND 58 ND all ND es ND 05 ND 62 ND 63 NO 84
Diibenzoluran ND 280 I ND 250 ND 200 NO 240 ND 230 I ND 230 I ND 220 I ND 220 I ND 220

(06718435.wbi/sib) Pag*5o(10
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TABLE 1 1
Summary of TCL Validated Sernivolatile Organic Compund Analyses of Soil, Sediment and Sludge Samples
Phase I - RI, Miscellaneous Areas Operable Unit
Crab Orchard National Wildlife Refuge. Marion. Illinois

site SITE 14 SITE 16 SITE 20 SITE 22A
Location
Golder Sam& 0 COSOW COS01403 CDSOI801 OOSOlW3 COS02DO1 COS02002 COS022AOI COSO22A02 COSO22A03
Laboratory Samp;* ID 1OD358 100374 100277 100293 OD492 905W 93709 93T77 OU24
Sample Depth goo 1.4 to 1.5 1.4 to 1 .5 0.5 W 0 a 0.7 to 0.8 1.0to2.0 1,0 lo 2.0 0.8 to I'0 2.4 to 2.7 0A to 0 8
Sample T" Investigative Investigative invesbonfive Investigative Investigative Duplicate at COS02002 Investigative Investigative Invesugsti-
Sample Date 05103193 OS10SW 059WO3 0510M GV28W OCAM 04MM 04r3m 04r2ow

Compound Conc. MDL Conc. MOL Conc. MDL Cone. MDL Cone. MDL Conc. MDL Conc. IWIDL Conc. MDL Conc. IVIDL
uaft uaft uQJ% uaft uoft tKX9 Uaft uaft UJaL- Uaft uaft UaL wft U0111(a Lay'a uwxa uaft ua/Ka

Z,I-Dinftobluene ND 107 ND 104 NO 85 ND 101 ND 98 ND Oa ND el ND 02 ND 94
2,6-Dinitrololuone ND 130 ND 125 ND 103 NO 123 ND 117 ND 117 ND III ND 112 ND 114
D"V phthalate, ND 170 NO 170 ND 140 NO 180 NO 150 ND 150 ND 150 ND 150 NO 150
4-Chkxop" p" other ND 140 ND 140 ND 110 ND 140 ND 130 ND 130 ND 120 ND 120 ND 120
Fluotene ND lie ND 112 ND 92 ND 109 ND 104 ND 104 ND 99 ND 100 ND 101

4-ftoonifino ND 870 ND 850 ND ago ND 820 NO 780 ND 780 ND 740 NO 750 NO 760
2-methyl-4,"irkophertof NO 200 ND 250 ND 2DO ND 240 ND 230 ND 230 NO 220 ND 220 ND 220
n-Ndrosodiphenylamine NO 170 ND 170 ND 140 NO ISO ND 150 ND ISO ND 150 ND ISO ND 150
4-Bromophenyl ph-0 ND 170 ND 170 ND 140 NO 1W ND 150 ND 150 ND 150 ND 150 NO 150

0 Hexachlo(obenzene ND 170 ND 170 ND W ND 1W ND 150 ND 150 NO 150 ND 150 ND 150
E
(D ponta� nd ND 1140 ND 1110 ND 910 ND 1080 ND 1190 ND 1190 ND GM ND Om 3200 1000

t Phenanthrens ND 140 NO 140 ND 110 ND 140 ND 130 ND 130 ND 120 ND 120 ND 120
Anthracens ND 140 ND 140 ND 110 ND 140 ND 130 ND 13D ND 120 ND 120 ND 120
Di-n-butyl phthalate 310 140 ND 140 ND 110 ND 140 ND 130 ND 130 ND 120 ND 120 ND 120

C) Fluoranthens ND 130 ND 126 ND 103 ND 123 ND 117 ND 117 ND ill ND 112 ND 114

Pyron* ND 2W ND 250 ND 2DO ND 240 ND 230 ND 230 ND 220 ND 220 ND 220
Buty! benzo phthalate ND 280 ND 250 ND 200 ND 240 ND 230 ND 230 ND 220 NO 220 ND 220
3,3-Dichlorobermidins ND 280 NO 250 ND 2DO ND 240 ND 230 ND 230 ND 220 ND 220 ND 220
Benzo(s)onthracens ND 2810 ND 250 ND 2DO ND 240 ND 230 ND 230 ND 220 ND 220 ND 220
bm(2-EthyIhw"phthaIaW ND 430 ND 420 ND 340 ND 400 ND 380 ND 330 NO 300 NO 370 ND 380

Chrysene ND 2W ND 280 ND 230 ND 270 ND 2W ND 2W ND 240 ND 250 NO 250
D--ctyl "Wate ND 230 ND 220 ND 1W ND 220 NO 200 ND 200 ND 200 ND 2DO ND 200
Benzo(bruoranthene ND 240 ND 240 ND 190 NO 230 ND 220 ND 220 ND 210 ND 210 ND 210
Benzo(k)fluorarrthene ND 470 ND 400 ND 3W ND 440 ND 740 ND 740 ND 400 ND 410 ND 410
Benzo(a)pyrens ND 280 ND 250 ND 200 ND 240 ND 230 ND 230 NO 220 ND 220 ND 220

Indeno(I,2,3-cd)pyren* ND 230 ND 220 ND 180 ND 220 ND 200 ND 200 ND 200 NO 2DO ND 200
Dib*nz(*.h)anthr*cer* ND 94 ND 92 ND 75 NO 89 ND as ND Os ND so ND 81 ND 82
8�nzo(a.h.I.)pwAane ND 230 ND 220 ND 180 ND 220 NO 200 I ND 200 ND 200 NO 2DO NO 200

Notes, Sample 10 Breakdown (COSO22A01): Created: SK
NO - Not detected at or above the MOL CO - Crab Orchard Revi&wed: RP
MDL - Method Detection Limit SO - Soil / SE - Sediment I SL - Sludge Chocked: MD
Conc. - Concentratim (dryweight basis) 22A - S4s Number

01 - Sample Number

(0871"M.wbl/srh) Pap a of 10
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TABLE 11

Summary of TCL Valklated! SernivoWle Organic Cornpund Analys" of Soil. Sediment and Sludge Samples
Phase I - RI, Miscellaneous Areas Operable Unit
Crab Orchard National Wiidhfe ReRW, Morion, Illinois

site SITE 22A SITE 36
Location
Golder Sample ID CDSO22AO4 COS022AO7 COS022AOS COS022AI3 COS022AlO COS022A11 COSEM OOSE.MM COSLW03
Laboratory Sample ID OHIO 952M 95214 95249 9= 95230 103357 103438 100323
Sample Depth Pe" 1.5 to 2.0 1.0 to 1.2 2.0 to 2.5 2 0 to 2-5 1.0 to 1.1 2-2 to 2.5 1.0101.5 1.0 to 1.5 0�0 ID I'O
Sample Type kwoebrOve Investigative Investigative Duplicate of COS022ADS ftwestiglative kr-sboat- kwesuget�- Duplicate of COSEW 1mvetigaitive
Sample Daft 04r2QW O&MM 05A)SM 05MM 0� 05/03w OOKIM 0� 0�

Compound Conc. MDL Conc MDL Conc. MDIL Conc. MOL Conc. MDL Cow MDL Conc. MDL Conc. MDL Conc. MDL
uoft wMa Uoft uwxg uQft uaft uaft U011(a MWO uarKa uaft uaft Uaft Uoft Uaft uaft uaft uaffm

INDIVIDUAL PARAMETERS
Cartwole ND 420 ND 430 ND 430 ND 430 ND 480 ND 420 ND 330 ND 330 NO 440
n-Nitrosodimothylamine NO 420 NO 430 ND 430 ND 430 ND 480 ND 42D ND 330 ND 330 ND 440

SEMIVOLATILEORGANICS
Phan'01 ND 86 ND 89 ND 89 ND 88 ND ge ND 87 ND ea ND es NO 91
bIs(2-ChWosMK)�d- NO 115 ND 120 ND 120 ND 118 ND 128 ND 117 ND 91 ND 91 ND 121
2-ChWoomW NO 100 ND 170 ND 170 ND 170 ND ISO ND 170 ND 130 ND 130 ND 170
1,3-Mhkxobem&no ND 82 ND w ND $a ND 84 ND 92 ND 83 ND es ND 65 ND 87
1,44)ichbrobweene ND 89 ND 92 ND 92 ND III ND 98 ND 90 ND 70 ND 70 ND 93

0
ZL' 1,2-Dichlorobenzene ND w ND 89 ND 89 ND 88 ND go ND 87 ND as ND as ND 91

2-Methylplmnol ND 150 ND 100 ND 160 ND 100 ND 170 ND 150 ND 120 ND 120 ND 180
bts(2-ChlorolsopropyQather ND 115 ND 120 ND 120 ND lie ND 128 ND 117 ND 91 ND 91 NO 121
"Whylphend ND 54 ND 58 ND 56 ND 58 ND 80 NO 55 ND 43 ND 43 ND 67
n-Nitrosock-n-propylarnins ND 101 ND 105 ND 105 ND 104 ND 113 NO 102 ND 80 ND so ND 1070

0 Hexachloroselane ND 71 ND 74 ND 74 ND 73 ND 79 ND 72 ND 58 ND 58 ND 75
Nitrobenzen ND 140 ND 140 ND 140 ND 140 ND 150 ND 140 ND 110 ND 110 ND 150
Isopr. ND 150 ND ISO ND 180 ND 180 ND 170 ND 150 ND 120 ND 120 ND 100

rA 2-Nitrophenol ND 290 ND 300 ND 3DO ND 300 ND 320 NO 290 ND 230 ND 230 ND 310
2+D1me"pIwxA NO 200 ND 210 ND 210 ND 210 ND 220 NO 200 ND Iw ND Iw ND 210

bis(2-Chlwowd�methane ND 190 ND 200 ND 200 ND 190 ND 210 ND 190 ND 150 ND 150 ND 200
2.4-Dicilwoomnol ND 230 ND 240 ND 240 ND 230 ND 250 ND 230 ND 180 ND lea ND 240
1,24-Trichlorobamene ND 115 ND 120 ND 120 ND Ila NO 128 ND 117 ND 91 ND 91 ND 121
Naphthalerw ND 115 ND 120 ND 120 ND lie ND 128 ND 117 ND 91 ND �11 ND 121
4-Chlo"rulino ND 350 ND 370 ND 370 ND 300 ND 390 ND 300 ND 280 ND 290 ND 370

HexactOorobunKherw NO 105 ND 109 NO 109 ND 108 ND 117 ND 106 ND 83 ND 83 ND ill
4-Chloro-3-meffiylphanol ND 2DO ND 210 ND 210 ND 210 ND 220 ND 200 ND 100 ND 180 NO 210
2-Mothyloapiftalene ND 230 ND 240 ND 240 ND 230 ND 250 ND 230 ND ISO ND 180 ND 240
HwachWocyIcqwftdWm ND 150 ND 160 ND 180 ND leo ND 170 ND 150 ND 12D ND 120 ND 100
Z4,8-Trichlorophanol ND 190 ND 200 ND 200 ND 190 ND 210 ND 190 ND ISO ND 150 ND 200

2,4,15-TrichlorophoW ND 102 ND 108 ND 106 ND 105 ND 114 ND 104 ND el NO el ND 108
2-ChloronsOffin"ne ND 115 ND 120 ND 120 ND Ila ND 126 ND 117 NO 911 ND 911 ND 121
2-Nitroonillne ND 2W ND 290 ND 290 ND 280 ND 310 ND 200 ND 220 ND 220 ND 290
DirnstlrA pWJmhft NO 82 NO w ND 80 ND 64 ND 92 ND 63 ND as ND es NO 87
AcenspWryl- ND 95 ND 99 ND 99 ND 97 NC) 108 ND Os ND 75 ND 75 ND I(O

3-Ndroondme ND 350 ND 370 ND 370 ND 300 ND 390 ND 300 ND 280 ND 280 ND 370
Acw-pW- NO 102 NO 108 ND 108 ND 105 ND 114 ND J 104 ND 81 NO 1111 ND 108
2,41-DiriltropheM ND 63 NO w ND so ND as ND 70 NO 04 ND 50 ND 50 ND 87
4-Nft*mioI NO 64 ND 67 ND 67 ND as ND 72 NO 85 ND 51 ND 51 ND w
Diberwoluran ND 230 NO 240 ND 240 ND 2W ND 250 ND 230 ND 180 ND 180 ND 240

(08716435.wbllwl� Pap 7 of 10
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TABLE 11
Summary of TCL Validated SernivolatIle Organic Cornpund Analyses of Soil, Sediment and Sludge Sarnples
Phase I - RI, Miscellaneous Areas Operable Unit
Crab O;chard National WiWe Refuge. Marion, Illinois

Site SITE 22A SITE 38
Location
Golder Sample ID COSO22A04 COSO22ACY7 COSO22A08 COSO22A13 COSO22A10 C09022AII COSE31101 COSEW9 COSL38M
Laboratxy Semple ID 934le 952De 95214 95249 95222 95230 103357 103438 100323
Sample Depth P-Q 1.5 fjo 2,0 1.0 to 1 2 2 0 to 2.5 20to25 1 �0 to 1.1 2.2 to 2.5 1.0 lo 1.5 1.0101.5 0.0 to 1.0
Sample TY" Investigative Investillavve Investigative Duplicate of COS022AOO Investigative Investigative Investigative Dupkab d COSE30M Investigative
Sarnple DaW 04r2QW 05ww 059aw 05ww osww OW&W 06MM 0600Q= 05/05M

Compotmd Conc. MDL Cow. MM_ Conc. IVIDL Conic. MOL Conc. MDL Conc. IVIDL Caw. MOL Conc. MDL Conc. MDL
u9ft 0001(a uan(a uaft Uaft uaft uaft uaft uaft Uaft uaft uaft uQfKa uoft uaft uaft uaft UMPICA

2,44Nnitrotoluene ND 95 ND 99 ND 99 ND 97 ND 108 ND ge ND 75 ND 75 ND 100
2,8-Dinitrotoluene ND 115 14D 120 ND 120 ND lid ND 128 ND 117 ND el ND I" NO 121
Diethyl phthalaft ND 150 ND 180 ND 180 ND 10D ND 170 ND 150 ND 120 ND 120 ND 180
4ZhIor,ophanyl phanyl ather ND 130 ND 130 ND 130 ND 13D ND 140 ND 130 ND 100 ND 100 ND 130
Fluorene ND 102 NO 106 ND 108 ND 105 ND 114 ND 104 ND 81 ND 81 ND 106

4-Nitroanillne, ND 770 ND 800 ND 800 ND 790 ND 800 ND 780 ND 610 ND 610 ND 810
2-methyl-41,84nkrophersof ND 230 ND 240 ND 240 ND 230 ND 250 ND 230 ND 180 NO ISO ND 240
n-Nitrosodiphenylamine ND 150 ND 180 ND 100 ND 100 ND 170 ND 150 ND 120 NO 12D ND 100
4-Bromophenyl phanyl sew ND ISO ND 100 NO 180 ND 180 ND 170 ND 150 ND 120 ND 120 NO 180
Hw:achbrobenz*m NO 150 NO 180 ND 100 ND 160 ND 170 ND 150 NO 120 ND 120 ND 100

CL
Pentachlorophenol ND 1010 ND 1050 NO 1050 ND 1040 ND 1130 ND 1020 ND 800 ND 800 ND 1070
Phwwjvthrww ND 130 ND 130 ND 130 ND 130 210 140 ND 130 ND 100 ND 100 ND 130
Anthracem ND 130 ND 130 ND 130 ND 130 200 w ND 130 ND 100 ND 100 ND 130
Di-n-bLV phthalshe ND 130 ND 130 ND 130 ND 130 ND 140 ND 130 ND 100 ND 100 ND 130
Fluorandwe ND 115 280 120 ND 12D ND 118 5w 12B ND 117 NO 91 120 91 ND 121

Pyron, ND 230 240 240 ND 240 ND 230 590 250 ND 230 ND 180 ND 180 ND 240
BuY benzyl phthalate ND 230 ND 240 ND 240 ND 230 NO 250 ND 230 ND ISO ND 180 ND 240
3,3-Dichlotobenzidine ND 230 ND 240 ND 240 ND 230 ND 250 ND 230 ND 180 ND 180 ND 240
Benzo(a)anthracsne ND 230 ND 240 ND 240 ND 230 550 250 NO 230 ND 180 ND 180 ND 240
brs(2-Elh~ phthaIat& ND 380 ND 390 ND 390 ND 300 ND 420 ND 380 ND 300 ND 3DO ND 400

Chry"M ND 250 ND 260 ND 260 ND 280 830 280 ND 280 NO 200 ND 200 ND 2M
Di-n-orto phthatate ND 200 ND 210 ND 210 ND 210 ND 220 ND 200 ND 160 ND 180 NO 210
Berwo(b)Ruwwdmme ND 220 300 220 ND 220 ND 220 720 240 ND 220 NO Im ND Im ND 230
Banzo(k)fluorantherw ND 420 ND 430 ND 430 ND 430 ND 480 ND 420 ND 330 ND 330 NO 440
Benzo(a)pyrene ND 230 ND 240 NO 240 ND 230 390 250 ND 230 ND ISO NO 180 ND 240

1rdeno(1,2,3-cd)pyren* ND 200 ND 210 ND 210 ND 210 ND 220 ND 200 NO 100 ND 100 ND 210
ND 84 NO 87 ND 87 ND as ND 93 ND 85 NO as NO as ND 88
NO 200 I ND 210 ND 210 ND 210 ND 220 I ND 2C10 ND 180 ND 100 ND 210

Notes: Sample ID Breakdown (COSO22A01): Cfestat. SK
ND - Not detwW at or above the MDL. 00 - Crab Orchard Reviewed: RP
MDL - Method D*Wtkm Limft SO - SoN / SE - Sediment I SL - Sludge Checked: MD
Conc. - Concenlration (dry-w"ht basis) 22A - StIoNumber

01 - SampleNumber

(0871"Mmbilath) Pagesorio
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TABLE 11
Summary of Validated Sernivolatile Organic Analys" for Soil, Sediment and Sludge Samples
Phase I - RI, Misoellanom Operable Unit
Crab Omhard National WildIfe Refuge, Marion, Illinois

Slie SITE 35
Location
Golder Sample ID COSL38D4 COSL36D5 COSL3w6 COSL3W7
Laboratory Samoa ID loml loom 100289 100250
Samoa Depth (loaq 0.0 to 1.0 U to 1.0 0 0 to 1.0 U to 1.0
Samoa TYPO W-Bugat- wwastigati- Invvd"Wo Investigative
Sarnow Deft OSM5193 05ww 05104193 05AMM

Compound COM MDL Conc. MDL Conc. mm crew, MIX
u9ft LKW10 Uaft U9ft U990 ug/Ka yoft Uaft

INDIVIDUAL PARAMETERS
Carbarolla ND ND 800 ND 480 ND SW
n-NWosocilmethylamine, NO am ND 800 ND 480 ND 5DO

SEMIVOLATILE ORGANICS
Phenol ND 189 ND 166 ND 96 ND 103
bI%(2-ChtorovthyQsther ND 253 ND 222 ND 128 ND 138
2-Chlorophenol ND 300 ND 320 ND 180 ND 200
1,3-Dichlorobenzone ND 180 ND 158 ND 92 ND Rs

2, IA-Dichlorobenzerw ND 194 ND 171 ND 98 ND 100

2L' 1,2-Dichlorobenzonal ND is� ND lee ND 98 ND 103
(D 2-MeMylphend ND 330 ND 290 ND 170 ND 180
9 bls(2-Chloroisoprol�yWwr ND 253 ND. 222 ND 128 ND 133

441W4,0phenol ND 119 ND 105 ND 80 ND 015
(a "Itrosodi-n-propylamino ND 222 ND 195 ND 113 ND 121
0

I-Imawhioroethane ND 158 ND 138 ND 79 ND as
Wrobertzeno NO 300 ND 270 ND 150 ND 170

ID hophomme ND 330 ND 290 ND 170 ND 180
2-Nitroph" NO 040 NO 560 ND 320 ND 350
Z4-Dimethylphonol ND 440 ND 390 ND 220 ND 240

bis(2-Chlo,� mvftne ND 420 ND 380 ND 210 ND 230
2.4-Dichoroph*nol ND 50D ND 440 ND 250 ND 270
1,2,4-Trichlofobenzene ND 253 ND 222 ND 128 ND 138
Naphftlww 6100 253 58W 2220 ND 128 ND 138
4-Chlomnifine ND 780 ND 8w ND 390 ND 420

Hexachlorobutadiene ND 230 ND 202 ND 117 NO 126
4-Chloro-3-methylphenol ND 440 ND 390 ND 220 ND 240
2-Methylnelphtholene 189W 50M 13000 4400 ND 250 ND 270
Henchlorocyloopentacliene NO 330 ND 290 ND 170 ND 180
2,41,11-Trichlorophend NO 420 ND 380 ND 210 ND 230

2,4,5-Trk;hlorophenol NO 225 ND 198 ND 114 ND 123
2-Chloronaphthalem NO 253 ND 222 ND 128 ND 138
2-Nitroanfline NO 810 ND 540 ND 310 ND 330
Dmethyl phthaMe ND 180 ND 158 ND 92 ND 98
Acenaphthylene ND 2D8 ND 183 ND 100 ND 114

3-Ndroanfline 14D 780 ND Om ND 300 ND 420
Acenephthene 28000 2250 l&3W 1980 ND 114 ND 123
2,41-Dinitroph" ND 139 NO ND 70 ND 76
4-Nitlophetwol ND 142 NO 124 ND 72 ND 77

I DibanzcfuW I197W 5W) I 13200 4400 I ND 250 I ND 270

(W7lUW.wbllwh) Page 9 of 10
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TABLE 11
Summary of Validated Sernhmilath Organic Analyses for Soil, Sedlmwy� and Sludge Samples
Phase I - RI, Miscoganeous Opemble Link
Crab Circhard National Wildlife Refuge, MOdon, Illinois

site SITE 38
Location
GoIcler Sample ID COSL35D4 CX)SL3W5 COSI.3we COK3007
Labc"" Sample ID IDD331 1ODS40 1002B9 100250
Semple Depth 0.0 to 1.0 0.0 to 1.0 0.0 to 1.0 U to 1.0
Sample Type Investigate Inwstilgative fnveaNative linveogative
Sample Dolie 05105193 0510SM3 050OW11 05OD4193

Compound Conc. MOL Conc MDL Conc. MDL Coric. MOL
Uaft uoft uaft uaft uaft Laft uaft uaft

2,4-Dinkrololuorie ND 2D8 ND 183 ND Ioe ND 114
2,8-Dinlibroliolueno ND 253 ND 222 NO 128 ND 138
Dlethyl ph"as ND 330 ND 2DO ND 170 ND 180
4-ChWop" phenyl ethw ND 280 ND 240 NO 140 ND 150
Fkxxwo 44000 2250 29M 19W ND 114 ND 123

4-Ndroanifine ND 1890 ND 1490 ND Soo ND 92D
24riethyl-4,"inltrophenol ND 500 NO 440 ND 250 ND 270
n-NitmsW4*mrAarmn� ND 330 ND 290 ND 170 ND 180
4-Momop" phanyl ad- ND 330 NO 2DO ND 170 ND 180
Hwxachloirobenzene ND 330 ND 290 ND 170 ND 180

PontschWophanol ND 2220 ND 1950 ND 1130 ND 1210
Phwwrdhrww 50000 28W 3= 2400 ND 140 ND ISO
Anthmosine 9400 280 8300 2400 ND 140 ND ISO
Di-n-butyl pftahft ND 28.0 ND 240 ND 140 ND 150
I'luoranthsas 24200 2530 14400 2220 ND 128 ND 138

Cl.

PYWO 139M 50DO 8000 4400 ND 250 ND 270
Butyl beAq! plithatate ND 500 ND 440 ND 250 ND 270

3.3-Dichlambenridine ND 500 ND 440 ND 250 ND 270

Samo(s)anthracene 39M 500 2700 440 ND 250 ND 270

bts(2-fty#wW)phthaIats 1220 830 ND 730 ND 420 ND 450

ChrA"O 2810 SW 1490 490 ND 280 ND 30D

DH-cW pW*hft ND 440 ND 390 ND 220 ND 240

Benzo(b)fluoiranthane 3900 470 1 WO 410 ND 240 ND 200

Berwo(k)fluoiranthens ND 920 ND 800 ND 460 ND 600

Be-,o(a)w- 1440 Soo 900 440 ND 250 ND 270

Ind&r.o(I,2,3-cd)pyww ND AAO ND 390 ND 220 ND 240

Ddwa(ah)anthracene ND 183 ND 181 ND 93 ND 100

B*nZD(Q.hj.)VOrV1WW ND 440 I ND 390 ND 220 I ND 240

Notes:

ND - Not detected at or above Om MDL. Sample ID Bmakdown (005022ADl): Created: SK

MDL - MethodDeloctionl-Irrift CO - CrabOmhard Raviiewed: RP

Conr. - Cor� (d"might basis) SO - Soil I SE - S*dW*M I SL - Sludge Oiacked: MD

22A - SdeNumber

01 - SampleNumber

(08711UMviblisrh) PS" 10 Of 10
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TABLE 12
Summary of Validated TCL Organochlorine Pesticide and PCB Analyses of Soil, Sediment, and Sludge Samples
Phase I - RI, Miscellaneous Areas Opereble Unit
Crab Orchard National Wildift Rofug*, Marion, Illinois

Sft SITE 7 SITE 7A SITE 8 SITE 9 SITE 10
Location
Goldeir Sample ID COSE07CH COSOQ7AO1 COS007AO3 COS007AO5 COS007AO7 COS00601 COSEDO01 COSE10DI COSE1003
Laboratory Sample ID 103WO IOMQ 103675 103891 103713 10345.4 103497 107M 107NO
Sample Depth Feel) 1.7 to 1.8 1.4 1.5 to 1 A 1.8 to 1 1 1.5 1 -8 to 1.7 2.0 to 21 1.5 to 1.8 1,8 to 2.3
Samoa Type Investigir" Investigative Investigaftwe Investigative Inviistiontive Investigative ImVetowtvii I-Vsbglo- lovesbaffi-
Samoa Dele 05W193 OSM7W OSM7193 0507M 0507M 05OW 05MM 05A)m OsiOm

Compotind Colic. M� Conc. MM Conc. MIX Conc. MDL Conc, MDL Conc. MDL Coric. MDL Coric. MDL Conc. MDL
UGKg Uoft uWKg uaft UQa uaft U999 Uaft uaL ug/Ka 1.1aft UQFW Left uWWO Uaft uOW Uaft

ORGAt=HLOR;NE
PESTUDES AND PCBS
Aldrin ND 21 ND 2 1 ND 2,0 ND 2.1 ND 2.1 ND 21 ND zi ND 2A ND 2,3
a - BFIC ND 2.1 ND 2.1 ND 2 0 ND 2 1 ND 2.1 ND 2.1 ND 2.1 ND 2.4 ND 2.3
b - 8HC ND 2.1 ND 21 ND 2.0 ND 2.1 NO 2.1 ND 2.1 ND 2,1 ND 2.4 ND 21
g - BFIC (Unda-) ND 2.1 NO 2.1 ND ZO ND 2.1 ND 2.1 ND 2 1 ND 2.1 ND 2.4 ND 2 3
d - BHC ND 21 NO 21 ND 2.0 NO 2.1 ND 2.1 ND 2.1 ND 2.1 ND 2A ND 2,3
Chlibidam (tech) ND 83 ND 83 ND 81 NO 8.4 NO 84 ND 84 ND 83 ND 94 ND 89
4,,V -DDD ND 4.1 NO 4.1 NO 4.0 ND 4.1 NO 4.1 ND 4.1 ND 4.1 ND 4.6 ND 4.4

G)
C 4.4-DDE ND 4.1 ND 4.1 ND 4.0 NO 4 1 ND 4.1 ND 4.1 ND 4.1 ND 4.6 ND 4.4
CL 4,4' -DOT NO 4.1 NO 4.1 ND 4-0 ND 4.1 ND 4.1 NO 4.1 ND 4.1 ND 4 a ND 4 4

Dieldrin ND 4.1 ND 4 1 ND 4-0 ND 4.1 ND 4.1 ND 4.1 ND 4.1 ND 41 ND 4.4
Endosuftn I ND 2.1 ND 2 1 ND 2 0 ND 21 ND 21 ND 2.1 ND 2.1 ND 2.4 ND 2.3
Eridosuftn H ND 4.1 ND 4-1 ND 4.0 ND 4.1 ND 4.1 ND 4.1 ND 4.1 NO 4-6 NO 4.4

in Endosuhn Sullate ND 4.1 ND 4-1 ND 4.0 ND 4.1 ND 4.1 ND 4.1 ND 4.1 ND 4.6 ND *40
( . Endrin ND 4.1 ND 4.1 ND 4 0 ND 4-1 ND 4.1 ND 4.1 ND 4,1 ND 4.8 ND 4.4

Endrin aklehyde ND 41 ND 4.1 ND 4-0 ND 4.1 ND 4.1 ND 4.1 ND 4.1 ND 4.6 ND 4.4
Hpthw ND 2.1 ND 21 ND 2.0 ND 2A ND 2.1 ND 2.1 ND 2.1 ND 2.4 ND 2.3

fA Haptachloir epoodde ND 2.1 ND 2 1 ND 2,0 ND 2A ND 2.1 ND 2.1 ND 2.1 ND 2 4 ND 2.3
MethwYchlor ND 21 ND 21 ND 20 ND 21 ND 21 ND 21 ND 21 ND 24 NO 23
Toxaphime ND 210 ND 210 ND 200 ND 210 ND 210 ND 210 ND 210 ND 240 ND 230

PCB - 1016 ND 41 ND 41 ND 40 ND 41 ND 41 ND 41 ND 41 ND 48 ND 44
PCB - 1221 ND 83 ND 83 ND 81 ND 84 ND 84 ND 84 ND 83 ND 94 ND 89
PCB - 1232 ND 41 ND 41 ND 40 ND 41 ND 41 ND 41 ND 41 ND 46 ND 44
PCB - 1242 ND 41 ND 41 ND 40 ND 41 ND 41 ND 41 NO 41 ND 46 ND 44
PCB - 1248 ND 41 ND 41 ND 40 ND 41 ND 41 ND 41 ND 41 ND 48 ND 44
PCB - 1254 ND 41 ND 41 ND 40 ND 41 ND 41 ND 41 NO 41 ND 40 ND 44
PCB - 1280 ND 41 ND 41 ND 40 ND 41 ND 41 ND 41 NO 41 ND 48 ND 44

Notes: Samoa ID Breakdown (CO9022AO1):
ND - NotdoloclvdatoraboyetheMI)L. CO - CrabOrchard
MDL - Method Detection Umit SO -Sodf SE-Sedimerd/ SL-Sludge
Coric. - Concentration (dry-*� bashi) 22A - Sft Number
J - The associated value is an estimated qua", Di - Sample Number
U - The assoriated result is estimated as non-detact
(a)- Biased high due to surrogate recovery.
(b)- Biased low due to surrogate rocawy.
(c)- Estimated due to surrogate rectwery relaWd to sample dilution
(d) - Biased high due lo MSAW recovery.
(a) - Biased low due to MSIMSID rooomy.
M - Biased high due to LCS recovery.
(g) - Biased kYw due to LOS recovery.

P871"M.wbl" page 1 Ot 6
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TABLE 12
Summary at Validsited TCL Organochlorine Pesticide and PCB Analyses of Soil, Sediment, and Sludge Samples
Phase I - RI, Miscellaneous Areas Operable Unit
Crab Orchard National Wildlife Refuge, Marion, Illinois

Site SITE 1 1 SITE 11A SITE 12
LOORtion
Golder Samos ID COS0111011 COSO11A011 COSOllA0Q COSOlIA02 COSOlIA03 COSO11A04 COS01201 COS01207 C0901202
Laboratory Sample ID 103M 107875 106138 107883 107930 107948 93807 93840 owls
S-ple Depth V to 1.9 1.5 to 1.8 1-5 to 1 -8 17 to 1,9 1.7tol.8 1.7 to 1.8 1.8 to 2.2 1.8 to 2.2 1.9 to 2.2
Sample Type kwsztigw&.* kwestigative Duoicate of COS1 I A01 Invasligative Irivestigative IrweefigatiYe Investigative Duplicate ot COS01201 Investigative
So" Daft OSM7193 05110W 05111M mm owlaw OM0193 040M 04rAW 04130M

Compound Conc MDL Conc. MDL Conc. MDL Conc. MDL Conc. MDL Conc, MDL Conc. MDL Conc. IWDL Conc, MOL
Raft ugrKa ugft uaft uaft L9ft Raft Laft Loft Uaft uaft Uaft Qaft LOXG ugA(g uaft UGNO

ORGANOCHLORINE
PESTICIDES AND PCBS
Aldrin ND 2.2 ND 2.1 ND 2.0 ND 2.1 ND 21 ND 2.6 ND 2.1 NO 2,0 ND 2.1
a - SHC ND 2.2 ND 2.1 ND 2.0 ND 2.1 ND Z11 ND 2.6 NO 2.1 ND 2.0 ND 2.1
b - BHC ND 2.2 ND 2.1 ND 20 ND 2.1 ND zi ND ZO ND 2.1 ND 2 0 ND 2.1
9 - BHC (Undone) ND 2.2 ND 21 ND zo ND 2.1 ND 21 ND 24 NO 2.1 ND ZO NO 2.1
d - 8HC NO 2 2 ND 2.1 ND 20 NO 2.1 ND 2.1 NO ZO ND 2.1 ND 2,0 ND 2 1
Chfordane (tech) ND 85 ND 82 ND 80 ND 84 ND 84 ND 102 ND 83 ND 79 ND 84
4X - ODD ND 4.2 ND 4.0 ND 3-9 NO 41 ND 4-1 ND 6.0 ND 4.1 ND 3.9 ND 4.1

4,4'-ODE ND 4.2 ND 4.0 ND 3 9 ND 4.1 ND 4A ND 5.0 ND 41 NO 3-9 ND 4.1
4,,V - DOT ND 4.2 ND 4.0 ND 3.9 ND 4.1 ND 4.1 ND 5.0 ND 4,11 NO 3.9 ND 4.1
Dkilifrin ND 4.2 ND 4.0 ND 3,9 ND 4.1 ND 4.1 ND 5.0 ND 4.1 NO 3 9 ND 4.1

9 Endosuffan I ND 22 ND zi ND 2 0 ND 2.1 ND 2,11 NO 2.8 ND 2.1 ND 2.0 ND 2.1
Enclosuffen 11 ND 4.2 ND 4.0 ND 3 9 ND 4.1 ND 4.1 ND 5.0 ND 4.1 ND 3.9 ND 4.1
Endosuftn Suffate ND 4.2 ND 4 0 ND 3.9 ND 41 ND 4.1 ND 5.0 ND 4.1 ND &O NO 4.10
Endrin ND 4.2 ND 4 0 ND &O ND 4.1 ND 4.1 ND 5.0 ND 4.1 ND &Q ND 4.1
Endrin aldehyde ND 42 ND 4.0 ND 19 NO 4.1 ND 4.1 ND 5.0 ND 4.1 ND 3 9 ND 4.1
Heowchlor ND 2.2 ND 2.1 ND ZO NO 11 ND 2.1 ND 2.8 ND 2.1 ND 2.0 ND 2-1 j
HW=hlor epowdo ND 2,2 4.4 2 1 ND 2 0 ND 2 1 ND 21 ND Ze ND 2.1 ND 2 0 ND Z11
Methokychlor ND 22 ND 21 ND 20 ND 21 ND 21 ND 26 ND 21 ND 20 ND 21
Toxwb- ND 220 ND 210 ND 200 ND 210 ND 210 ND 280 ND -210 ND 200 ND 210

PCB - 1CY18 ND 42 ND 40 ND 39 ND 41 ND 41 ND so ND 41 ND 39 ND 41
PCB - 1221 ND 65 ND 82 ND 80 ND 84 ND 84 ND 102 ND 83 ND 79 ND 64
PCS - 1232 ND 42 ND 40 ND 39 ND 41 ND 41 ND so ND 41 ND 30 ND 41
PCB - 1242 ND 42 ND 40 ND 39 ND 41 ND 41 ND 50 ND 41 ND 39 ND 41
PCB - 1248 ND 42 NO 40 ND 39 ND 41 ND 41 ND 50 ND 41 ND 39 ND 41
PCB -1254 ND 42 ND 40 ND 39 ND 41 NO 41 ND 50 ND 41 ND 39 ND 41
PCB -1200 ND 42 NO 40 ND 39 ND 41 ND 41 ND 50 ND 41 ND 30 ND 41

Notes: Sample U) Breakdown (COSD22A0l):
ND - Not detected at or above the MDL. CO - Crab Orchard
MDL - Method Detection Limit 90 - Sod / SE- Sediment SL- Sludge
Conic, - Concentration (dryAveight basm) 22A - Sft Number
J - The associated value is an estimated quantity. 01 - Sample Number
U - The associated result is estimated as nori-detect
(a)- Blased high due to surrogate recovery,
(b)- Biased low due to suffooste recovery.
(q)- Estimated due to surrogate recovery Wood to sample dilution.
(a) - Biased high due to MSIMSD raceways
(a) - Biased low due to MSNSD reoawy�
M Biased high due to LCS recovery.

Biased low due to LCS nmxwwy,

(05718435.wblisrh) Page 2 of 5
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TABLE 12
Summary of Validated TCL Organochlonn* Pesticide and PCB Analyses of Soil. SedimoK and Sludge Samples
Phase I - PJ, Miscellaneous Are" Operable Unit
Crab Orchard National Wildlife Refuge, Marion, Illinois

SRO SITE 14 SITE 18 SITE 20 SITE 22A
Location
Goklor Sample 0 COSOMI COS01403 COSO1601 COSOlew COS02001 COS02DD2 COSO22A01 COSO22AC112 COSO22A03
Laboratory Sample ID 100358 100374 10OZ77 100293 90492 905M 937eg 93777 93424
Sample Depth ft" 1.4 to 1.5 1.4 lo 1.5 0.5 10 0 8 0 7 to 0.8 11.01o20 1,0 to 2.0 0.8 to 1.0 2.4 to 2,7 0.6100.8
Sample Type Investigative Investigative, Investigative Investigative Imostiostive Duplicate of COS02002 Irwatigative kwestigatIve Investigative
Sample De" 05MM OSADSM 05104193 MOM 04r2M 04/2&093 04ram 04MM 04r2M

Compotvnd Cora. MDL Conc. MOIL Cow. MOIL Conc. MOL Conc. MDL Conc. MOIL Cone. MDL Conc. MOIL Corec, MDL

Uoft Laft uaft uaft Uzft Uaft uaft Lvft 09ft uaft LKft uo/Ka Uaft ugft uaft uwxQ

ORGANOCHLORINE
PESTICIDES AND PCBS
Aldrin ND 2A ND 2.4 ND 1�9 ND 2.3 ND 2.2 ND 2.2 NO 2.1 ND 2.1 NO 2.1
a - BHC ND 2.4 ND 2.4 ND 1.9 ND 2.3 ND 22 ND 2,2 ND 2.1 ND 2.1 ND 2A
b-BHC ND 2.4 ND 2A ND 1,9 ND 23 ND 2.2 ND 2.2 ND 2.1 ND 2.1 ND 2.1
g-BHC (Undone) ND 2.4 ND 2.4 ND I 9 ND 2,3 ND 2.2 ND 2.2 ND 2.1 ND 2.1 NO 21
d - BFIC ND 2A ND 2.4 NO 1.9 ND 2.3 ND 2.2 ND 2.2 ND 2.1 ND 21 ND 2.1
Chlordons (toch) ND go NE) 93 ND 76 ND go NO Ile ND 88 ND 82 ND 83 ND 84
4.,V - DDD ND 4.7 ND 4.8 ND 3.8 ND 4.4 ND 4.2 ND 4.2 4.0 4-0 ND 4.1 12.1 J (a) 4.1

4,,V-DDE ND 41 ND 4.8 ND 3.8 ND 4A ND 4 2 ND 4.2 27 4,0 6.0 4 1 %Q J (a) 4.1
4,* -DDT ND 4.7 ND 4,8 ND 18 ND 4.4 ND 4.2 ND 4.2 23 4.0 69 4.1 38 J (a) 4.1
Dioldrin ND 4.7 ND 4 a ND 18 ND 4.4 ND 4.2 ND 4-2 ND 4.0 ND 4.1 ND 4.1
Endowftn I ND 2 4 ND 2.4 ND 1.9 ND 2.3 ND 2.2 ND 2.2 ND 2.1 ND 2 1 ND 2.1
Endosuffan 11 ND 41 ND 46 ND 3.8 ND 4.4 ND 4.2 ND 4 2 ND 4-0 ND 4'1 ND 4.1
Endosuhn Sulfate ND 4 7 NO 4-8 ND 3.8 ND 4.4 ND 42 ND 4.2 ND 4,0 ND 4.1 ND 4.1

Endrin ND 4 7 ND 41 ND 3 8 ND 4.4 NO 4-2 ND 4.2 ND 4.0 ND 4.1 ND 4-1
Endrin sklehyde NO 4.7 ND 4 8 ND 3.8 ND 4.4 ND 4.2 ND 42 ND 4.0 NO 4.1 ND 4.1
HWAhW ND 2.4 ND 2 4 NO 1.9 ND 13 ND 2,2 ND 2.2 ND 2.1 ND 2.1 ND Z11

OA HoptschW epodde ND 2.4 ND 2 4 ND 1.9 ND 2,3 ND 2 2 ND 2.2 NO 2A ND 2.1 ND 21
Motxwychlor ND 24 ND 24 ND 1 9 ND 23 ND 22 ND 22 NO 21 ND 21 ND 21
Toxophww ND 240 ND 240 ND 190 ND 230 ND 220 ND 220 ND 210 ND 210 ND 210

PCB - 1018 ND 47 ND 48 ND 38 ND 44 ND 42 ND 42 ND 40 NO 41 ND 41
PCB - 1221 ND go NO 93 ND 78 ND go NO ad ND as ND 82 ND 83 ND 84
PCB - 1232 ND 47 ND 48 ND 38 ND 44 ND 42 ND 42 ND 40 ND 41 ND 41
PCB - 1242 ND 47 ND 48 ND 38 ND 44 NO 42 ND 42 ND 40 ND 41 ND 41
PCB - 1248 ND 47 ND 48 ND 38 ND 44 NO 42 ND 42 ND 40 ND 41 ND 41
PCB - 1254 ND 47 ND 48 ND 38 103 44 ND 42 ND 42 ND 40 ND 41 ND 41
PCB - 1200 NO 47 ND 48 ND 38 el 44 ND 42 ND 42 ND 40 NO 41 ND 41

Notes: Sample ID Breakdown (COSO22A01):
ND - Not detected at or above the MOL. CO - Crab Orchard
MDL - Method Detection Limit SO - Soil I SE- Sediment I SL- Sludge
Conc, - Concentration (dry-w0ght basis) 22A - Site Number
J - The associated value is an estimated quantity. 01 - Sample Number
U - The associated result is ostmated as noin-datect.
(a)- Biased high due to surrogate room".
(*- Biased low due to surrogate recovery,
(q)- Estimated due to surrogate recovery related to sample dilution.
(d) - Biesed high due to MSMW recovery.
(a) - Biased low due to MSNSID recovery.
#) - Biased high due to LCS recovery.
(9) - Biased low duo, to LCS recovery.

(05716435,wblk" Page 3 ot s
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TABLE 12
Summary of Validated TCL Organochlonns Pesticide and PCB Analyses of Sall, S"m*K and Sludge Samples
Phase I - RI, Miscellaneous Areas Operable Und
Crab Orchard National Wildlife Refuge, Meow. Illinois

sits, SITE 22A SITE 38
Location

Golder Sample ID COSO22A04 COSO22A07 COS022AOS COSO22A13 COSO22A10 C090=11 GOSE36CI1 COSE3eW COSL3803
Labonstory Sample 9) 9MIG 95206 95214 95249 9= 95230 103357 103438 IOD323
Sample Depth ft" 1.5 to 2.0 1.0 to 1.2 2.0 to 2.5 10 to 2.5 1.0 to 1.1 2.2 to 2 5 1.0 to 1 Z 1 0110 1.5 0.0 to 1.0
Sample Type Invostigatilve Investigative try-stigaftwe Duplicate of ODS022AOB k#nbpM Investigative k-Wigo- Duplicate of COSEMM investigative
Sample Date 0412QW 05A)SW 05103W 059)M 0500M 05/03193 050M 05MM 05MM

Compound crew. MDL Conc. MDE. Conc. MOL Conc, MDL Cone, MDI. Cone. MDL Conc, MDL Conc. MOL Conc. MDL
u9ft Looft Uaft uaft uaft Uaft u0ma Uaft Luft Left uaft Ugft uaft Lwft Loya Loft uWKa U�I

ORGANOCHLORINE
PE=DES AND PCBS;
MM ND 2.2 NO 22 ND J lb) 2.2 ND 2.2 ND 2A ND 21 770 J (a) 3000 790 2000 ND Z3
&-BHC ND 2,2 ND 2.2 ND J lb) 2.2 ND 2.2 ND 2.4 NO 22 ND 3.0 ND 2.6 ND 23
b - BFIC ND 2.2 ND 22 ND J (b) 22 ND 2.2 ND 2A ND 2.2 ND 3.0 ND ze ND 2,3
g-BHC (Undane) ND 22 ND 2,2 ND J lb) 22 ND 2.2 ND 2A ND 2.2 ND 3.0 ND 20 ND 23
d - BFfC ND 22 ND 2,2 ND J lb) 22 ND 2.2 ND 24 ND 2.2 NO 3.0 ND 2,8 ND 23
Chlordane ftech) ND 85 ND 88 ND J lb) 88 ND 87 ND 94 ND so NO 118 ND 102 ND 89
4.4! - DDD ND 4,2 ND 4.3 ND J (b) 43 ND 4.3 ND 4.8 ND 4.2 ND 5.8 ND 5.0 ND 44

0 4,,C-DOE ND 4.2 ND 41 ND J lb) 4.3 ND 4.3 ND 48 ND 42 ND 5.8 ND So ND 4.4
jL' 4.W - DDT NO 4.2 ND 43 ND J (b) 43 ND 4.3 ND 4.0 ND 4.2 ND 5.8 ND &O ND 4.4
(D Dielckin NO 4,2 ND 4-3 ND J lb) 4.3 ND 4.3 ND 4.6 NO 4.2 ND 5's ND 50 ND 4.4

Endosuftn I ND 2.2 ND 2.2 ND J lb) 12 ND 22 NO 2.4 NO 2-2 ND 3.0 NO 26 NO 23
Endosuffen II ND 4.2 ND 41 ND J (b) 4.3 ND 4.3 ND 46 ND 4.2 ND 5A ND so ND 4.4
Endoauftn Sulfate NO 4.2 ND 43 ND J lb) 43 ND 41 ND 4.8 ND 4.2 ND 5.8 ND 5-0 ND 440
Endrin ND 42 ND 4.3 ND J lb) 4.3 ND 43 ND 4.6 ND 4.2 ND 5.8 ND 5,0 ND 4A
Endrin sklohyde ND 42 ND 4.3 ND J (b) 4.3 ND 41 ND 4.8 NO 4.2 ND 5.6 ND 5.0 ND 44

(D Flaptachlor ND 2.2 ND 2.2 ND J (b) 2.2 ND 2.2 ND 2A ND 2.2 ND 3.0 ND 20 ND 2.3
4101 Heptachlor epmride ND 22 ND 22 NE) J (b) 22 ND 22 ND 2.4 ND 2.2 ND 3.0 ND 2.8 ND 2.3

Mathoxychlor ND 22 ND 22 ND J (b) 22 ND 22 ND 24 ND 22 NE) 30 ND 25 ND 23
Toxaphene ND 220 ND 220 ND J (b) 220 ND 220 ND 240 ND 220 NE) 3DO ND 280 ND 230

PCB - 101 8 ND 42 ND 43 ND J (b) 43 ND 43 ND 46 ND 42 NE) so ND 50 ND 44
PCB - 1221 ND 85 ND 88 NE) J (b) 88 ND 87 ND 964 ND as ND lie ND 102 ND all
PCB - 1232 ND 42 ND 43 ND J lb) 43 ND 43 ND 48 ND 42 NO 68 ND 50 ND 44
PCB - 1242 ND 42 ND 43 ND J lb) 43 ND 43 ND 48 NO 42 ND 58 ND so ND 44
PCB - 1248 ND 42 ND 43 ND J lb) A3 ND 43 ND 48 ND 42 am i (a) Wm 1500( SM ND 44
PCB - 12S4 ND 42 ND 43 ND J (b) 43 ND 43 ND 46 ND 42 $MO J (a) 5800 Wm 5M ND 44
PCB - 1260 ND 42 ND 43 ND J (b) 43 ND 43 ND 48 ND 42 950 J (a) 58 770 50 ND 44

Notes: Sample D Breakdovm rOSO22A01):
ND - Not detocted at or above the MDL CO - Crab Orchard
MOL - Melhod Detection Limit SO - Sod I SE- Sediment SL- Sludge
Conc. - Concentbration (dry-weight basis) 22A - Site Number
J -The associated value is an estimated quarfty. 01 - Sw" Number
U - The associated result is estimated as non-delecat
(a)- Biased high due to surrogate recovery.
(b)- Biased low due to surrogate recovery
(q)- Estimated due Io surrogate recovery related to sample dilution.
(d) - Biased high due to MSfMSO race.".
(a) - Biased low due to MSNASO recovery,
M - Biased high due to LCS recovery.
(g) - Biased low due to LGS recovery
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TABLE 12
Summary of Validated TCL 0,ganochlonne P90cide arid PCB Analyses of Soil, Ssdrnw�" and Sludge Samples
Phase I - RI, Miscellaneous Aron Operable Unit
Crab Orchard National Wadirfe Refluge, Marion, Illinots

SRO SITE 30
Location
Gok1w Semple ID COSL38M COSL3005 COSI-30M COSLW7
Laboratory Semple ID 100331 100340 100289 100250
Sample Depth 0-0 0.0 to 1.0 0.0 to I'0 0.0101-0 0,0101.0
S-pla, Type Investigative Invesbastive Inve"gative Irwastigative
Semple Date 05105W 05A)SW 059)JIM 05AKW

Compound crew. MDL Conc. MDL Conc. IWIDL Cofw. MDL
L� ugft uaft uaft u9ft uwKa Lwft uWKa

ORGANOCHLORINE
PESTICIDES AND PCBS
Aldrin 3300 J (c) 4700 15M J (c) 4100 NO 2.4 ND 2A
a-BHC ND 4.7 ND 4.1 ND 2A ND 21
b-BHC ND 4.7 ND 4.1 ND Z4 ND 21
g-BHC (Undane) ND 4.7 ND 4A ND 24 ND 2.8
d-BHC ND 4.7 NO 4,1 ND Z4 ND 2.6
Chlordane (tech) ND 186 NO 183 ND 94 ND 102
AIX - DOD ND 92 ND 8.0 ND 4.8 NO 5.0

4,4'.DDE ND 9.2 ND 8-0 ND 46 ND 5.0
CL 4,,f - DDT NO 9.2 ND a 0 ND 4.6 ND 6.0

Dialdrin NO 9.2 ND a 0 ND 4.8 ND 5.0
Endosutlan I ND 4 7 ND 4.1 ND 2 4 ND 2.6
Endosuftn If ND 92 ND &O ND 4.6 ND 5.0

FA Endosuhn Sulfate ND 9,2 ND 8.0 ND 4,8 ND 5 00
Endrin ND 92 ND &O ND 4-6 ND 5.0
Endrin aldehyde ND 9.2 ND 8,0 ND 4.6 ND 5.0

Q Heptachlor ND 4.7 ND 4.1 ND 2.4 ND 2.0
Heptachlor spoxxis ND 4-7 ND 4-1 NO Z4 ND 2.0
M90mychlor ND 47 ND 41 ND 24 ND 28
Toxaphe" ND 470 ND 410 ND 240 ND 200

PCs -1 01 a ND 92 ND so ND 46 ND 50
PC8 -1221 ND ISO ND 163 ND 94 ND 102
PCB -1232 ND 92 ND so ND 48 ND 50
PCB -1242 ND 92 ND 80 ND 46 ND 50
PCB -1248 4WW J (c) 9200 20700 J (c) 8000 50 48 ISO 50
PCB - 1254 80000 J (c) 9200 34000 J (c) 8000 59 46 180 50
PCB - 1200 7800 J (c) 9200 4100 J (c) 8000 ND 48 ND 50

Notes: Sample 10 Breakdown (COSO22A01): Created: SK
ND - Not dewled at or above the MDL. CO - Crab Orchard Reviewed: RP
MDL - MethodDetectionLimit SO -Soil/ SE-Sedimerdl SIL-Sludge Chocked; MD
Conc. - C4ncentrafion(dry-v�htbasis) 22A - Site Number
J - The associated value is an estimated quantity- 01 - Sample Number
U - The associated result is estimated as non-detea
(a)- Biased high due to surrogate recovery.
(b)- Biased low due to surrogate recovery,
(c)- Estimated due W surrogate momm" related to sample dilution.
(d) - Biased high due to MSMSO rooovery,
(a) - Biased low due to MSIMSD rocwwy�
M - Biased high due to LCS recovery.
(9) - Bined low due to LCS recomy.

(087II&M.wbItah) Page 5 of
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TARI FE 13
Summary of Validated Exploams Compound Analyses of Sod, SedimeM and Sludge Sarnples
Phass I - RI, Miscellaneous Are" Operat" Unit
Crab Orchard National Wildlife Refuge, Marion, Illinois

St* SrrE 7 SITE 7A SITE 8 SITE 0 SITE 10
Location
GokW Sample ID COSE0701 COSO07A01 C43SO07A03 COSO07A05 COSO07A07 COSO0801 COSE0901 COSE1001 COSE10D3
Labor" Sampls ID 103WS 103550 103575 103091 103713 103454 103497 107840 107859
Sample Depth 1.7 to 1A 1.4 1.5 to 1.8 1 $to 11 1 5 1.6 to 1.7 2.0 to 2.1 1.5 to 1.8 1.8 to 2 3
Sample Type inves"ative WwosfigatN* Investigative, Invesbilaws Investigative Investigative Investigetift Investigative investigs"
Semple, Date 05107193 05K)7193 OSM7193 05107193 05M7193 05ww 0� 0� 0�93

Compound Conc. MDL Conc. MOL Conc- MDL Conc- MDL Conr. MDL Conc. MDL cone. MDL Conc. MDL Conc MDL
uoll(o UGA(o UGMO uaft uaft uaft uwVG -g&ZL Wft uaft uaft uQKG Moft Lvft uaff(a UaA(a

EXPLOSIVES
HMX ND ale ND 816 ND 601 ND 824 ND 624 ND 624 ND ale ND 703 ND Om
RDX ND 830 ND 630 ND 010 ND 60 ND 640 NO 640 ND 630 ND 720 ND SW
1,35-Trinitrobenzens ND 310 ND 310 ND 300 ND 310 ND 310 ND 310 ND 310 ND 350 ND 330
1,21-Dinkrobenzarve ND 307 ND 307 ND 300 ND 311 ND 311 ND 311 NO 307 ND 351 ND 332

0 TO" ND 1670 ND 1570 ND 1530 NO 1590 ND 1590 ND 1590 ND 1570 ND 1790 ND lego
E Nitroglycerin ND 3100 ND 3100 ND 3DOO ND 3100 ND 3100 ND 3100 ND 3100 ND 35W ND 3300
CD
9

2,4,&Trinftroto(u9n* ND 310 ND 310 ND 300 ND 310 ND 310 ND 310 ND 310 ND 350 ND 330
z6onitrobluene ND ODO ND Soo ND 000 ND Om ND 000 ND am ND 000 ND 700 ND 700

(A 24-Dindrotokwe ND 310 ND 310 ND 302 ND 314 ND 314 ND 314 ND 310 ND 364 ND 3350
2-Ndrotalwas, ND 820 ND em ND 810 ND 630 ND 630 ND 830 ND e2O ND 710 ND 870
4-Nitrotol"ne, ND 302 ND 302 ND 295 ND 308 ND 308 ND 306 ND 302 ND 345 ND 327
3-Nitrotoluwa ND 3100 NDD 3,10 NDD I ND 3,14. 1 314 ID 311040 ND 310 ND 354 ND 335PETN' ND 3,0 N 3 N 3000 ND 3 NO 3'. ND 3 ND 3100 ND 36M ND 3300

Notes: Sample ID Breakdown (COSO22A01):
ND - NotrietwWatorabovetheMI)IL. CO - CrabOrchard
MDL - Method Detection Limit SO - Soil / SE- Sadmard I SL- Sludge
Conc. - Coricentration (dry-weight basis) 22A - Site Numbw
J - The sssocWed value is an estimated quantilly 01 - Semple Number
a - Concentration qualffied due to poor MSIMSD recoveries
d - Result is biased negabosly

(08716435mblIarb) pap 1 Of 5
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TABLE 13
Summary d VaRdaW E)plosive Compound Anallys" of Soil, Sedment and Sludge Samples
Phase I - RI, Miscellaneous Aron Operable Unk
Crab Orchard National Wildlife Refuge. Marion, lllkx�s

Site SITE I 1 SITE 11A SrTE 12
Locason
Golder Sample ID COSO1101 COSOlIA01 COSOlIA09 COS011A02 COSOlIA03 COSO11AD4 COS01201 COSOl2(Y7 � l 202
Laboratory Sample 11) 103832 107875 108138 107883 107930 107"S 935(F7 93840 93815
Sample Depth Vee§ 1.7 to 1.9 1,6 to 1.6 1.5 to 1.6 1.7 tD 1.9 1.7 to 1,8 1.7 lo 1.8 1 $to 22 1,8 to 2 2 1.01o2,2
Sample TYPO Invostig"ve Investigative DuplicateofCOSlIA01 Invesbilab" Investigative Invesugah" Investigativa Duplicate of COSOl2Dl Invesillostive
Sample Date MM7193 05110/93 05MO103 05110W 05M0103 05MO#V3 OJIM&N 04rim D4WW

Compound Conc, MDL Conc. mm Conc. MOIL Conc mm crew. MDL Conc. mm. Conc MDL Conc. MDL Conc. MDL
LKWIU Oaft U= uaft uarKa tKWa UQft LKVKg uaft Uoft LKVKa ut�ft Left Uoft Uoft Uaft uoxo

E)(PLOSIVES
HAW ND 632 ND 008 ND 504 ND 624 ND 824 ND 756 NO $la ND 587 ND 624
RDX ND 640 NO am ND 610 ND aQ ND w ND 770 NO 830 ND aw ND 640
1.3,6-Trinkrobenzem ND 320 ND 300 ND 300 ND 310 ND 310 ND 380 NO 310 ND 290 NO 310
1,3-Dinitrobermerm ND 315 ND 304 ND 298 ND 311 ND 311 ND 377 ND 307 ND 293 ND 311
Ts" ND 1810 ND 1550 ND 1510 ND 1590 NO 1590 ND 1920 ND 1570 ND 1490 ND 1590
Nitroglycerin NO 3200 ND 3000 ND 30M ND 3100 ND 3100 ND 38W ND 3100 ND 29M ND 3100

2AS-Trinitrotoluene ND 320 NO 300 NO 300 ND 310 380 310 ND 380 ND 310 ND 290 NO 310
2,5-DnftWuww ND ODO ND 800 ND ODO ND am NO 000 ND 800 ND am ND 800 ND 800
2,41-Dinitrolokwo ND 318 ND 308 ND 299 ND 314 ND 314 ND 380 ND 310 ND 295 ND 314
2-Nitrololuerw ND 640 ND 820 ND 600 ND am ND 630 ND 7W NO Om ND 500 ND MO
4-Nitrokokno ND 310 ND M ND M ND 30a ND 3w ND 371 ND 3M ND 288 ND 3W

1 NDD ND I ND 314 NO 314 ND 380 NO 310 ND 295 ND 314
ND N ND 3000 ND 310D ND 31DO ND mm NO 3100 ND 29M ND 3100

Notes: Semple 11) Breakdown (COSO22A01):
ND - NotdatectedatoraboostheMD1.. CO - CrabOrchard
MDL - MeRiodDetectionUmit SO -Sod/ SE-Sedimentl SI.-Sludge
Conc, - ConceMm5on(dry-weightbasis) 22A - Site Number
J - The associated value is an estimated quanlily Di - Sample Number
a - Concentrabon quaiNled due to poor MSfMSD recoveries
d - Result is biased negalively

(08718435mblisrh) Page 2 of 5
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TABLE 13
Summary of Validated ENplosive Compound Analyses of Soil, S*dHmK and Sludge Samples

Phase I - RI, Miscellaneous Areas Operable Unit

Crab Orchard National WildIfe Relup, Manor, Illinois

Sft SITE 14 SITE 18 SITE 20 SITE 22A
Location

Golder Sample ID COS01401 C0901403 COS01801 COSOIB03 COS02001 COS02002 COS022AOI C08022AO2 COSD22AO3

Laboratory Sample ID 100358 100374 loom IOD293 90492 90506 93789 93TT7 93424

Sample Depth Pool) 1 4 to 1.5 1.4 to 1.5 OZ to a a 0 7 to 0.8 l'O to zo 1.0 to 2.0 OA to 1.0 2.4 to 2.7 0.6 to 0.8

Sample Type Investigative Investigative Investigative lmwftadm I"Vesuptive Duplicate of COS021302 Invesliptive Investiptive Invesbut"WO

Sample Date MOM 05105M 05/04103 O6xxw 04128193 04MM 041300613 MOW 04QM

Compound Conc� mm Conc. AM Conc. MDL Conc- MDL Conc. MDL Conc. MDL Conc. MDL Cone. MDL Conc. MDL

UGA(9 Uaft Uaft uaft Uaft uwxQ uaft uaft 4AZL- Uaft uaft uaft U04(a Uaft uaft gaft uWKo ua/Ka

EXPLOSIVES

HMX ND 713 ND M ND 567 ND 874 ND 040 NO SQ ND 806 ND the ND 624

RDX ND 730 ND 710 ND 560 ND 890 ND 050 ND 050 ND 820 ND 83D ND 840

1,11,5-Trinkrobenzeno ND 300 ND 350 ND 280 ND 340 ND 320 ND 320 ND 300 ND 310 ND 310

1,11-Dinilrober"ne ND 358 ND 348 ND 283 ND 338 NO 319 ND 319 ND 3D4 ND 307 ND 311

Tatry, ND 1810 ND 17eO ND 1440 NO 1720 ND 1630 ND 1 VO ND ism ND 1570 ND 1590

NlInlycerin ND 3800 ND 35W ND 28W ND 3400 ND 3200 ND 32DO ND 3000 ND 3100 NO 3100

2,4A.TrInkrotoluene ND 380 ND 360 ND 2130 ND 340 ND 320 ND 320 ND 300 ND 310 ND 310

2,80nitrotoluone ND 700 ND 700 ND 000 ND 700 ND 000 ND Om ND 800 ND 800 ND am

2,4-Dinkrobluene ND 358 ND 349 ND 285 ND 339 ND 322 ND 322 ND 3DO ND 310 ND 314

0 2.Nftrobkww NO 720 ND 700 NO 570 ND 880 ND 850 ND 850 ND 820 ND am ND 630

4-N11106DI. ND 350 NO 340 ND 278 ND 331 ND 314 ND 314 ND 299 ND 302 ND 300
3-Nihotoluens N.D ND 11 ND ND 31 ND 322 ND 308 ND 310 ND 314
PETN . I ND 3. ND 3200 ND ND 3100 ND 3100 1

Notes. Sample 9) Breakdown (COS022A01):

ND - Not detected at or above the MDL. CO - Crab Orchard

MDL - Method Detection Lm* SO - Soil I SE- Sediment I SL- Sludge

Conc. - Concentration (dry�� basis) 22A - Site Number

J - The associated value is an estimated quantity 01 - Sample Number

a - Concentration qualified due to poor MSNASD recoveries

d - Result is based negatively

(06718435,wbllwh) Page 3 of 5
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TABLE 13
Summary of Validated Explosive Compound Analyses of Sod, Sedim*K and Sludge Samples
Phass I - RI, MIscollarwous Aran Operable Unit
Crab Orchard National Wildlife Refuge, Marion, Illinois

Site SITE 22A SITE W

Location
GokW Sample ID COSO22A04 COSO22A07 C05022AOS COSO22A13 COSO22A10 COSO22A11 COSE39M C0SE3WQ COSL3003
Laboratory Sample ID 9341a 95206 96214 95249 95222 95230 1OW67 103M 100323
Sample Depth Vast) 1.5 to 2.0 1.0 to 1.2 2.01*25 ZO to 2.5 1.0 10 1. 1 2.2 lo 2.5 1.0 to 1 �5 1.0 to 1.5 0.0 to 1.0
S*mPle Type Investigative Investigative invesbgstive Duplicate of C09022AO Investigative Investigative Investigative Dupkabs of COSE3801 Inveagative
Sample Date 04t2m 05MM 05MU3 05MM 0� 05AMW 0500aw 05M&W 050M

compo� Conc. mm Conc. MDL Conc. mm CDDC� MOL Cone. MDL Cone, MDL Cone. MDL Conc. MDL Conc. MDL
toxg Luft uarKa Lwft Uaft uaft ua/Ka uaft UQKO uaft uaft Uaft u9ft uaft uaft uaft uoft UUXQ

E)PLOSIVES
HMX ND 832 ND am ND 858 ND 648 ND 703 ND 840 ND 875 ND 875 ND 865
RDX ND MD ND 870 ND am ND No ND 720 ND e5O ND ago ND ago ND 080
1,35-Trinitrobenzene ND 32D ND 330 ND 330 ND 320 ND 350 ND 320 ND 440 NO 440 ND 330
1,21-Dindrabenzene ND 315 NO 328 ND 328 ND 323 ND 351 ND 319 ND 437 ND 437 ND 3320ELL To" ND 1610 ND 1670 ND 1870 NO 1850 ND 1790 ND 1630 ND 2230 ND 2230 ND 1690

(D Nitroglycerin ND 3200 ND 3300 ND 3300 ND 32DO ND 35M ND 3200 ND 4400 ND 4400 ND 3300
-1

2,4.6-Trinitroboluene ND 320 ND 330 ND 330 ND 320 ND 360 ND 320 ND 440 ND 440 ND 330
2,$4)mWc**mw ND 800 NO 000 ND am ND 000 ND 700 ND Soo ND Om ND 9w ND 700

U1 2.4-Dinitrokoluens ND 318 NO 330 NO 330 ND 328 ND 354 ND 322 ND 440 ND 440 ND 335
2-Ndrotoluans ND No ND 860 ND 6w ND 860 ND 710 ND 650 ND SW ND $80 ND 070
4-N*oWuww ND 310 ND 322 ND 322 ND 318 ND 345 ND 314 ND 430 ND 430 ND 327
3-Nitrotolusne ND 318 NO 330 ND 330 ND 326 ND 354 ND 322 ND 440 ND 440 ND sm

Ul PETN NO 32DO I ND 3300 ND 3300 ND 3200 I ND 3500 ND 32DO ND 4400 ND 4400 ND 3300

Notes: Sample ID Breakdown (COSO22A01):
ND - Not detected at or above the MDL. CO - Crab Orchard
MDL - Method Detection Limit SO - Soil I SE- Sediment / SL- Sludge
Conc. - Concentration (dryAyeight basis) 22A - Site Number
J - The associated value is an estimated quantity 01 - Sample Number
a - Concentration qualftd due to poor MSPMSD recoveries
d - Result is biesed negatively

(08716,11W.wbils" Psg*4of5



mm mm" mm

Decomber'1993 923-8108

TABLE 13
Summary d Validated Explosive Compound Analyses ot Soil, SedimeK and Sludge Sample$
Phase I - RI, Miscellaneous Areas Operable Unit
Crab Orchard National Wildlife RoNgo, Marion, Illinois

Site SITE 38
Location
Golder Sample ID COSL3004 COSL3w5 COSI-3WO COSL3807
Laboratory Sample ID 100331 100340 1002eg loom
Somplo Depth fto 0.0 to 11'0 0.0 to 1.0 0.0 to 1.0 0.0 to I �0
Sample Type Invesboat" Invowfigative Investigative Investigative
Sample Data 05A)5W 06105M 059)4193 0504W

Compound Coac. MDL Conc. Ma- corn. MDL Conc. MDL

u uaft_ uarKa g&L uaft uwxo uaft UdA(o

EXPLOSIVES
HMX ND 13M NO 1217 ND 703 NO 758
RDX ND 1420 NO 1240 ND 720 ND 770
1,35-Trinitrobenzeno NO 890 ND Jo 010 ND 350 ND 380
1,11-Dinkrobenzene ND 002 ND Jo 807 ND 351 ND 377

0 To" ND 35M ND Jo 3100 ND 1790 ND 1 r2o
E Nitrwlyowin ND a" ND Jo 8100 ND 3500 ND 38W
(D

Z4.6-Trinfirotoluene ND ago ND 610 ND 350 ND 380
Z8-Dinitroboluorm ND 1400 ND 12DO ND 700 ND 800
2,41-Dinkrotoluene ND 897 NO Jd 812 ND 354 ND 380
2-Ndrotokwo ND 1400 ND 1230 ND 710 NO 760
4-N*otk. ND 080 ND 598 ND 345 ND 3713-Nfttok*m 1 17 ID 2 NO I NOND 09W ND :1
PETN '00 ND 35M ND

Notes: Sample ID Broaltdown (COS022A01): Created: SK
ND - Not detected at or above the IWIDL. CO - Crab Orchard Rewowed; RP
MDL - Method Detection Urnit SC) - Sod I SE- Sediment / SL- Sludge Chwked: MD
Conc. - Concentration (dry-vmight basis) 22A - Site Number
J - The associated value is on estimated quantity 01 - Sample Number
a - Concentration qualified due to poor MSIMSI) recoveries
d - Result is biosed negatively
a - Biased low due to MS;fMSD recovery.
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TABLE 14
Summary of Validated Dimans/Furans Analyses of Soil Samples
Phase I - RI, Miscellaneous Areas Operable Unit
Crab Orchard National WHdbfe Rfte, Manon, 191nois

Ste SITE 22A
Location
Golder Sarnple ID COSO22A011 COSO22AO2 COSO22A03 COSO22A03 COSO22A04 COSO22A07
Laboratory Sample ID 9376�9 9377.7 9342.4 9342.4 DfL 9341.6 9520.6
Sarriple Depth (fed) 0.8 to 1-0 2.4 to 2.7 0.6 to 0 8 a 6 to 0 8 1.5 to 2,0 I �O to 1.2
Sample Type Inyestigatrye Investigative Investigative Investigative Investigallive Investigative
Sample Date 04/30193 04G=3 DU29193 04rM3 04r2M 05MM

CDMPM(W Cone. OIL CDM D. core. DL Cone. DL Conc. DL Conc. DL
Lol�g toxg uaft uaft Wft Loft uaft Loft LOPI(a

2.3,7,8-TCDD ND 0.076 ND 0.08 ND 0.073 ND 0.073 ND OW3 ND 0,072
1,2,3.7.84'eCDD ND 0.13 ND 0 14 ND 0.13 ND 0.13 ND 0.13 ND 0.13
1,2,3,4,7,8-HxCDD ND 0,22 ND 0 23 0 469 0.21 ND 0-21 ND 0.21 ND 0.21
1,2,3,6,7,8-HxCDD ND 0,11 ND 0.11 1J3 0.11 0.413 0.11 ND 0111 ND 0.1
1,2,3,7,8,9-HxCDD ND 0.18 ND 0.19 ND 0.18 ND 0,18 ND 0,18 ND 0.16
1,2,3,4,6,7,"pCDD 0.434 0.22 ND 013 63 0,21 218 0.21 Z88 0.21 9.52 0,21

CL OCDD 9.01 0.29 7�63 0 31 600 0.28 164 0 28 31.8 0.28 103 0.28
2,3,7,8-TCDF ND 0.066 ND 0.07 ND 0.064 ND 0.064 ND 0.064 ND 0.063
1,2,3,7,84%CDF ND 0.1 ND 0.11 ND 0.1 ND 0.1 ND 0.1 ND 0 099
2,3,4,7,8.PeCDF NO 0.11 ND 0A1 ND 0.1 0,114 0.1 ND 0.1 ND 0.1
11,2,3,4.7�84+CDF ND 0.12 ND 0.13 0.376 0.12 ND OA2 ND 0.12 ND 0.12
1,2,3,6,7.84-bCDF ND 0.095 ND 0.1 5-22 0.091 1.48 0�091 ND 0 092 0.518 a09

2,3,4,6,7.8-HxCDF ND 0.18 ND 0.18 0.228 0.17 NO 0.17 ND 0,17 ND 0.17
(D 1,2,3,7.8,9-HKCDF ND 0.23 ND 0-24 ND 0.22 ND 0 22 ND 022 ND 0.22(A

1,2,3.4.6.7,8-HpCDF NO 0.18 ND 0-19 17 0.17 ND 0.17 0.836 0 17 1.85 0.17
1,2,3,4,7,8.9-HpCDF ND a 19 ND 0 2 1.04 0� 19 ND 0.19 ND 0-19 ND 0,18
OCDF ND 0.36 ND 0 38 89.3 0.35 23.3 0.35 5.79 0.35 8.39 0.34

Notes: Sample ID Breakdown (COSO22A01):
ND - Not detected at or above the DL. CO 00 - Crab Orchard
OIL - Detection Lhnft SO SO - Sod Sample
Cone. - Concentration (dry-weight basis) 22A 22A - Site Number
CDD - Chlorinated dibenzo-p-dooodris 01 01 - Sample Number
CDF - Chlorinated diberadurans

J - The associated value is an estimated quanUty.
U - The associated result is estimated as non-detect.
(a)- Biased high due to surrogate recovery.
(b)- Biased low due to surrogate recovery,
(c)- Esfimated due to surrogate recovery related to sample dilution.
(d) - Biased high due to IVISIMSD recovery.
(e) - Bmed low due to IVISIMSD recovery.
(Q - Bosed no due to LCS recovery
(g) - Biased low due to LCS recovery.
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TABLE 14
Summary o(Valklated Dioxins/Furans Analyses of Sod Samples
Phase I - RI, Miscellaneous Areas Operable Unft
Crab Orchard! National Wildlife RefUge. Marion, IlIftis

site SITE 22A
Location
Golder Sample ID COS022AOB COSO22A13 0OSO22A10 COSO22A10 OOSO22A1 1
Laboratory Sample ID 9521.4 9524.9 9522 2 9522.2 DIL 9523.0
Sample Depth (feet) 2,0 to 2.5 2.0 to 2.5 1 0 to 11 1.0 to 1. 1 2.2 to 2.5
Sample Type hweetwative Duplicate investigative Irvvestigstive Investigative
Sample Date OSIOM 0503193 05MM 0510M3 05A)3193

Carpound Conc. DL Cone, DL Conc. DL Cono. DL Conc. DL
Lal(a uaft ug/Ka ugft Wft uwl(o Wft uwl(g uwl(g �ZL

2,3,7,8-TCDD ND 0.063 ND 0�068 ND 0.051 ND 0.051 ND 0.081
1,2,3,7.8-PeCDD NO 0.11 ND 0 12 ND 0�09 ND 0.09 ND 014
1,2,3,4,7,8-HxCDD ND 0.18 ND 0.19 ND 0.15 ND 0.15 ND 0,23
1,2,3,6,7,84-IxCDD NO 0�09 ND 0.097 0.464 0.074 0,177 R074 0.197 0.12
1,2,3,7,8,94-WCDD ND 0.15 ND 0.16 0 24 0.12 ND 0.12 ND 0.2
1.2,3,4,6.7,8-HpCDD 165 0.18 3 65 0.2 12.7 0,15 7.43 0.15 7 66 0-23

OCDD 45.5 014 39.8 0.26 91 0.2 47.4 01 69 8 0.31
2,3,7.8-TODF ND 0.055 ND 0.059 ND 0-045 ND 0.045 ND 0 07
1,2,3.7,8PeCDF ND 0.085 ND 0,092 ND 0.07 ND 0 07 ND 0.11
2,3.4.7,8-PeCDF ND 0.089 ND 0.096 NO 0.073 ND 0.073 ND 0.11
1,2,3,4,7,8-HCDF ND 01 ND 0.11 ND 0.082 ND 0.082 ND O� 13
1,2,3,6,7,8-H(CDF ND 0.078 ND 0.084 0.751 O�064 0,456 0 084 0.318 0.1

2,3,4,6,7,84-tii:CDF ND 0.14 ND 0� 16 ND 0.12 ND 0.12 ND 0.19
1,2,3,7.8,94-bcCDF ND 0� 19 ND 0.2 ND 015 ND OA5 ND 0.24
1,2,3,4,6,7,8-HpCDF 0.729 0.15 0.694 O� 16 ND 0,12 ND 0.12 1.45 0.19
1,2,3.4,7,8,9-HpCDF ND 0.16 ND 0.17 ND 013 ND 0.13 ND 0-21
OCDF 3,45 0.3 3.31 0.32 8.12 0.24 3.64 0.24 4.74 0.38

Notes: Sample ID Breakdown (OOS022A01): Created: SK
NO - Not detected at or above the DL. CO 00 - Crab Orchard Reviewed: RP
DL - DetectionLimit SO SO -Soil/ SE-Sediment/ SL-Sludge Chocked: MD
Cone, - Conoentration(dry-weightbasis) 22A 22A - SKeNumber
COD - Chlorireeddibenzo-p-dimiins 01 01 - SarnpleNumber
CDF - ChlorkWeddibenza(urans

J - The associated value is an estimated quantity.
U - The associated result is estimated as non-detect
(a)- Biased high due to surrogate recovery.
(b)- Biased low due to surrogate recovery.
(c)- Estimated due to surrogate recovery related to sample dilution.
(d) - 13kised high due to MSfMSD recovery.
(e) - Biased low due to MSIMSD recovery,
(0 - Biased high due to LCS recovery.
(g) - Biased low due to LCS recovery
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TABLE 15
Summary o(Valklated TAL Inorganic Analyses of Soil, Sediment, and Sludge Samples
Phase I - RI, Miscellaneous Areas Operable Unit
Crab Orchard National Wildlife Refuge, Marion, Illinois

site SITE 7 SITE 7A SITE 8 SITE 9 SITE 10
Location
Golder Sample ID COSE0701 COSO07A01 COSO07AQ3 COSO07A05 0OSO07A07 COSO0801 00SE0901 COSE1001 COSE1003
Laboratory Semple ID 103608 103659 103675 103691 103713 103454 103497 107840 107859
Sample Depth (Imit) 1.7 to 1.8 1.4 1.5 to 1.6 1�6 to 11 1�5 1.6 to 1.7 2.0 to 2.1 1.5 to 1.8 1.8 to 2.3
SamPle Type IM406figative Investigative Investigative Inveagab" Investigative irwasoustrife Investostlye Investigative Investigative
Sample Dee 050071S3 OWN3 05107/93 05007/93 05/07/93 05106M 05mm 050M 050M

Compound Cone. MDL Conc- MDL Cone. MDL Conc. MDL Conc. MOL Cono. MDL Cone. MDL Conc, MDL Conc. MDL
MUNI ffKft rn JTKWO MCW10 maft maft m9ft muft m9ft muft

gu- muft muft - m0ft muft muft MWYIG m9ft

Arsenic 4A 0.5 3-2 0-5 19 J (d) 0.4 4�9 0.4 3 4 0.4 Z5 O�5 4.9 0.5 4,6 0.6 2.9 0.5
Cyanide (Total) ND 0.6 ND 0.6 ND 0.6 ND 0.6 ND 0.6 ND I NO I ND 0.7 NE) 0.7
Lead 11.4 0.2 7�6 0.2 71 0.8 11.4 0.9 7.9 0�9 12 0.2 15 R2 12 8 03 9-5 0-3
Mefcury ND 0.02 OZ4 0.02 0.02 0.02 0.0.4 0-02 ND 0.02 ND 0.02 ND 0.02 ND 0 03 ND 0.03
Moisture Content (Percent) 19 0.1 19 0.1 17 0.1 20 0 1 20 0.1 20 0.1 19 01 29 0 1 25 0.1
Selenium ND 1.5 ND 1.5 ND J (e) 1.4 ND 1.5 ND 1.5 ND 2.0 ND 2.0 ND 1.7 ND 1 6
Thell"im 0.33 0.2 0.36 O�2 ND 1 ND 1.0 NO 1.0 0.4 0.2 0.51 0.2 0.30 0,3 0.29 0 3

TARGET ANALYTE LIST
0 Aluminum 9100 3.7 600D 3.7 6100 3.6 7100 3.8 9200 3.8 8400 3.8 78W 3.7 5100 4.2 7100 4 0
2L' Barium 120 0.6 51 0.6 130 0.6 62 0.6 60 0.6 150 0.6 150 0,6 6B 0.7 84 07

Beryllium Q92 0.6 ND 0-6 ND 0.6 ND 0.6 ND 0.6 0 86 0.6 0.89 0.6 ND 0.7 ND 0.7
Cadmium ND 0-6 ND 0 6 ND 0 6 ND O�6 ND 0.6 ND 0.6 ND 0.6 0.76 0.7 ND 0.7
Calcium 16000 4.9 1180 4 9 13000 4.8 1090 5.0 1400 5-0 2800 5.0 2000 4.9 1500 5.6 1150 5.3
Chromium 11,5 0 6 8.1 0.6 7�5 0.6 8.2 0.6 11.6 0.6 12 0.6 15 0A 9.7 0.7 12.0 0.70

0
Cobalt 15 1 3 4 1 ND 1 ND 1 ND 1 8.5 1 16 1 8.4 1 10.0 1
copper 12.2 0.6 5.2 O�6 5.7 O�6 6.1 0,6 9.2 0.6 10,6 0.6 14 0.6 a 9 03 8.8 0.7

0Q Iron 1WW 2.5 7800 2.5 8700 2,4 8000 Z5 11800 2.5 10500 2.5 220DO 2.5 12800 2.8 16000 2.7
Magnesium 9500 3.7 1010 3.7 1400 3.6 10DO 3 8 1500 3.8 180D 3.8 1800 3.7 Boo 4.2 950 4.0
Manganese 1040 0.6 410 0 6 12DO 0.6 310 0.6 280 0.6 250 0.6 gm 0.6 560 0.7 850 0-7
Nickel 11�8 1 8 3.6 1.8 5.8 1.8 3-8 1.9 6,6 1.9 11.5 1.9 16 1.8 7.7 2.1 5.6 2.0

Potassium 347 62 310 62 190 60 240 62 350 62 310 02 470 62 390 70 350 67
Antimony ND J (ea) 4.9 ND J (eg) 4.9 ND J (eg) 4,8 ND J (eg) 5.0 ND J (eg) 5.0 NO 5.0 ND 4.9 ND J 5.e ND J (eg) &3
Silver 0.6 0.6 ND O�6 ND O�6 ND 0A ND 0 6 0.74 0.6 1.7 0.6 1.24 0.7 1.2 0.7
Sodium 370 1.8 60 1,8 120 1.8 150 1.9 120 1.9 310 1.9 180 1.8 65 2.1 89 ZO
Vanadium 26 0 6 16 0.6 18 0.6 15 0.6 21 0.6 22 0.6 23 0.6 22 0.7 23 03

lzinc 1 31 1 1 21 1 1 20 1 1 21 1 1 28 1 1 32 1 44 1 34 1 27 1

Notes: Sample ID Breakdown (COSO22AOI)�
NO - W detected at or above the MDL. CO - Crab Orchard
MDL - Method Detection Limit SO - Sad I SE- Sediment SL- Sludge
Conc. - Corm4itration (dry-weight basis) 22A - Site Number
EQ - Elevated quarditation limits resulting from matrix interference. 01 - Sample Number
J - The associated value is an estimated quentity.
U - The associated result is estimated as non-detect.
(a�- Biased NO due to swogate recovery.
(b)-- Biased low due to suffogate recovery
(c)- Estimated due to surrogate recovery related to sample dilution.
(d) - Biased high due to MSIMSD recovery.
(a) - Based low due to MSfMSD recovery.
MBased high due to LOS recovery.

Based low due to LCS recovery.
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TABLE 15
Summary of Validated TAL Inorganic Analyses of Soil, Sediment, and Sludge Samples
Phase I - RI, Miscellaneous Areas Operable Unit
Crab Orchard National Wildlife Reftige, Marion, Illinois

site SITE 11 SITE 11A SITE 12
Location
Golder Sarnpla ID COS0111011 COSO11A01 COSOlIA09 COSO11A02 COSO11A03 COSOIIA04 COS01201 COS01207 COS01202
Laboratory Sample ID 103632 107875 1OB13B 107883 I(Y7930 107948 93W7 93840 93815
Somple Depth (ket) 1.7 to 1.9 1.5 to 1-6 1.5 to 1.6 1.7 to 1.9 1.7 to 1.8 1.7 to 1 8 1.8 to 12 11�8 to 2,2 1.9 to 2-2
Sample Type Investigative Investigative Duplicateo(COS1111A011 Investigative Investigathe Irweefigative Duplicateo(OOS011201 Investigative
Sample Date 05/07/93 05/1GW 05/1 OfiG 05/10193 05/1G193 05/10/93 04r-093 D4/WM 04r3QW

Compound Coric. MOIL Cone. MOIL Cona. MDL Conc. MDL Cone. MOIL Conc. MDL Conc. MOIL Conc. MDL Conc. MDL
mWKa moft mosa- moft m(ft ffmft maft ff� "Xft mC^0 maft jj" moft 11110ft Moft mQXQ

Arsenic 15 0.5 7.2 0.5 5.0i 0 5 6-0 0 5 5 9 0.5 7.4 0.6 4-9 0.5 8,2 0,5 7.4 0.5
Cyartidle (Totid) ND 0.6 NO 0.6 ND 0 6 ND 0.6 ND 0.6 ND 0.8 ND 0.6 ND 0 6 ND 0.6
Load 123 02 16 U 13 0.2 10.2 0-2 12.0 0.2 12.7 0.3 85 0.2 16 0 2 9.9 0.2
Mercury ND 0,02 0-02 0.02 ND J (a) 0.02 ND R02 0.02 0.02 0.04 0.03 ND 0.02 0-02 0,02 ND 0.02
Moisture Content (Percent) 21 0.1 18 0.1 16 01 20 0.1 20 0.1 34 0.1 19 0.1 15 01 20 0.1
Selenium ND 1.5 ND 1.5 ND 1.4 ND 1.5 ND 1.5 ND 1.8 ND 2.0 ND 1.9 ND 2
Thallium 0.33 0.2 0.55 0.2 0.51 0.2 0.54 0.2 0.56 0.2 0.36 0.3 0.47 0,2 0.48 0,2 0.60 0.2

TARGET ANALYTE LIST
0 Aluminum 12400 3.8 12100 3,6 10400 3 6 10800 3.8 16000 3.8 9400 4.5 8400 3.7 8000 3 5 9100 3-8

Barium 130 U 88 0.6 88 0 6 190 0.6 108 0.6 180 0.8 140 0.6 130 0 6 120 0-6
Beryllium 1.0 0.6 ND 0-6 ND 0.6 ND 0.6 ND 0.6 ND 0.8 ND 0 6 0.67 0 6 0.6 0.6
Cadmium 0.73 0�6 ND 0.6 ND 0.6 ND 0�6 ND 0.6 ND 0�8 ND 0.6 ND 0 6 ND 0.6
calcium 2200 5.1 26" 41�9 18000 4.8 2000 5 0 16W 5,0 2300 6,11 2300 4.9 2400 4 7 1160 5
Chromium 20 0.6 1 5 O�6 13 0�6 16 0.6 20 0,6 14.2 0,8 11.5 0.6 13 0 6 12.0 0.60

9.9 1 8.3 1 8.6 1 12.4 1 7.1 1 9�5 2 6.0 1 T8 1 7,6 1Copper 16 0.6 15 0.6 13 a 6 19 0.6 18 0.6 12.6 0.8 8.8 0.6 12 0,6 8-0 0.6
Iron 2WW 2.5 20000 2,4 17000 2-4 20DOO 2.5 2200D 2.5 150DO 3.0 14000 15 1WW 2A 150DO 2.5
Magnesium 1800 3.8 17000 3 6 120DO 3,6 26M 3.8 2600 3.8 18W 4.5 2000 3.7 1900 3 5 1240 3.8
Manganese 420 0.6 580 0 6 690 a 6 5W 0.6 320 0.6 610 0.8 760 0�6 1070 0,6 890 0.6
Nickel 111�8 1 9 11.0 1,8 10.6 1 8 15 1.9 11.2 1.9 8.8 2.3 7.2 1.8 10.5 1.8 10.4 1.9

Potassium 659 63 740 61 670 60 600 62 720 62 610 78 440 62 390 59 360 62
Antimony ND J (eg) 5.1 ND J (eg) 4.9 ND J (eg) 4.8 ND J (eg) 5.0 ND J (eg) 5.0 ND J (eg) &I ND 4.9 ND 4.7 ND 5.0
sow 11,6 0,6 1.8 0.6 0.96 0 6 1.08 U 1.09 0.6 0-86 as 1.10 M6 1.3 0.6 1115 0.6
Sodium 710 11�9 67 1.8 57 1.8 140 1.9 72 1.9 64 2.3 98 1.8 go 1 a W 11�9
Vanadium 43 0 6 27 0.6 21 0.6 22 0.6 24 0.6 26 0.8 22 0.6 29 0 6 25 0.6

12inc 1 71 1 1 45 1 1 43 1 1 59 1 1 51 1 1 115 2 1 31 1 1 32 1 1 31 1

Notes. Sample ID Breakdown (COSO22A01):
ND - Not defected at or above the MDL. CO - Crab Orchard
MOIL - Method Detection Limit SO - Soil / SE- Sedliment SL- Sludge
Conc, - Concentration (dry-weight basis) 22A - Site Number
EQ - Elevated quantriatiori limits resuftmg from matrix interference. 01 - Sample Number
J - The associated value is an estimated quantity.
U - The associated resuft is estimated as non-detect
(a)- Biased high due to surrogate recovery.
(b)- Biased low due to surrogate recovery.
(c)- Estimated due to surrogate recovery related to sample dilution.
(d) - Biased high due to MSIMSD recovery.
(a) - Biased low due to MS1MSD recovery.
MBased high due to LCS recovery.

Blamed low due to LCS recovery.
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TABLE 15
Summary o(Valklated TAL Inorganic Analyses of Soil, Sediment, and Sludge Samples
Phase I - RI, Miscellaneous Areas Operable Lind
Crab Orchard National Wildlffe ReftW, Marion, 11finots

Site SITE 14 SITE 16 SITE 20 SITE 22A
Location
Golder Sample ID COS01401 COS01403 COS011601 COS01603 C0902001 COS02002 COS022AOI COSO22AD2 COSO22A03
Laboratory Sample ID 100358 100374 100277 100293 90492 90506 93769 93777 9U24
Sample Depth ftd) 1.4 to 1.5 1.4 to 1,5 0.5 to 0.6 0.7 to 0.8 1.0 to 2.0 1.0 to 2,0 0.8 to 1.0 2.4 to 2.7 0 6 to 0,8
Sonple Type Im"ligat" Investigative Investigative Investgative lrivamlwam Duplicate o(COSO20011 Investigative Irrvestigative Investigative
Swriple Date 05/05W 05QW 05AXW 0504/93 0408/93 O4f28/93 04rJQW 04r2m

CWOMW Conc. MDL Conc. MDL Conc, MOIL Conc. MDL Coic- MDL Conc, MDL Conc. MDL Conc. MDL Conc. MDLInaft ffdKo MM moft moft ma/Ka m moft rr�ff� X& moft ffwft moft W� ff� ff� rr� mpft
Arsenic 53 0.6 7.9 06 3-4 04 5.1 05 7.3 O'S 49 0Z 66 0.5 5.7 0.5 4Z 0.5
Cyanide (TotaQ 43 1 ND 1 NO 1 ND 1 ND 0-6 ND 0 6 ND 0.6 ND 0.6 ND 0.6
Lead 150 0 3 22 0.3 9�6 0 2 24 03 50 0.2 11.2 0.2 24 0,2 15 0.2 25 0 2
Mercury 0.26 O�03 0 06 OZ3 ND 0 02 0.134 0.03 ND 0.02 ND 0.02 0-04 0,02 ND 0.02 016 0 02
Moisture Content (Percent) 30 0.1 28 0.1 12 0A 26 0.1 22 0.1 22 0.1 18 0.1 19 0.1 20 0 1
Selenium ND 1.7 ND 1.7 ND 1.4 ND 1-6 ND 2.0 ND 2.0 NO 2.0 ND 2.0 ND 2-0
Thallium 0.36 0.3 0.50 0.3 0.36 0 2 0.44 0.3 0.52 0.2 0.419 0.2 0.5 0.2 0.48 0.2 0.39 01

TARGET ANALYTE LIST
0 Akiminurn 110700 4.3 150(0 4.2 8400 3.4 10900 4-0 1080 3.8 10000 3.8 7800 3.6 8300 3.7 5200 3.8

Barium 230 0.7 '11111 0.7 109 0.6 105 0.7 140 0�6 150 0.6 330 0.6 150 0.6 50 0�6
Beryllium 1,134 0.7 ND 0.7 ND 0 6 ND 0.7 O�6 0�6 ND 0.6 0.68 0.6 ND 0 a 0.80 O�6
Cadmium 0.94 0,7 ND 0 7 0.9 0 6 4,2 0.7 0.74 0 6 0 69 0 6 0.8 0,6 ND 0.6 1.04 0 6
Calcium 4600 5.7 17000 5.6 530DO 4.5 5400 5 4 1900 5.1 1900 5.1 1700 4.9 3100 4.9 3400 5 0
Chromium 60 0.7 19 0.7 14 0.6 19 03 17 0.6 17 0.6 13 0.6 12 0.6 &9 0-6

Cobalt 16 1 12 2 1 7.2 1 15 1 8.6 1 8.6 1 17 1 12.0 1 5.4 1
Copper 23 0.7 32 0,7 14 0.6 35 0.7 11.0 O�6 113 0.6 9.9 0 6 10.0 0.6 11.5 0 6
Iron 31000 2.8 210DO 2.8 14000 2.3 19000 2.7 15000 2.6 17000 2.6 18000 2.4 15000 2.5 150DO 15
Magnesium 2000 4.3 7400 4,2 6400 3 4 2700 4.0 2200 3.8 2200 3.8 2300 3.6 1800 31 2200 18
Mmiganese 1800 0,7 460 0 7 440 0.6 780 0.7 310 0.6 310 0.6 400 0.6 16W 0.6 290 0.6
Nickel 20 2.1 12.1 2.1 1 1 1.7 15 2.0 19 1,9 17 1.9 13 1.8 9.8 1.8 9.0 1.9

Potassium 570 71 620 69 400 57 570 68 440 64 550 64 300 61 460 62 6W 62
Antimony ND i leg) 5.7 ND J leg) 5.6 ND J leg) 4-5 ND J (eg) 5.4 ND 5.1 ND 5.1 ND 4.9 ND 4.9 ND 5.0
Silver 2A 0-7 1.08 01 ND 0.6 1.18 0 7 1.5 0.6 1.5 0.6 1.5 0.6 1.4 0.6 0.89 0.6
Sodium 1360 2.1 119 2.1 89 1.7 80 2.0 200 1.9 200 1.9 72 1.8 68 1.8 105 1.9
Vanadium 37 0.7 29 0.7 19 0 6 28 0.7 22 0.6 23 0.6 35 0.6 26 0.6 42 0.6

IZinc 1 94 1 1 ill I 1 40 1 1 88 1 1 38 1 40 1 38 1 36 1 119 1

Notes: Sample ID Breakdown (COSO22A01):
ND - Not detected at or above the MDL. CO - Crab Orchard
MDL - Method Detection Limit SO - Soll I SE- Sediment I SL- Sludge
Coric. - Concentration (dry-wetght basis) 22A - Site Number
EQ - Elev�ated quantitation limits resulting from matrix interlenence 01 - Sarnple Number
J - The associated value is an estimated qua".
U - The associated result is estimated as non-detect.
(a)-- Based high due to surrogate recovery.
(b)- Based low due to surrogate recovery.
(c)- Estimated due to surrogate recovery related to sample dilution.
(d) - Biased high due to MSIMSD reomry,
(a) - Based low due to MSIMSD recovery.
M - Blased high due to LCS recovery.
U - Blased low due to LCS recovery.
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TABLE 15
Summary of Vadidated TAL Inorganic Analyses of Soil, Sediment, and Sludge Samples
Phase I - RI. Miscellaneous Areas Operable Unit
Crab Orchard National Wildlife Refluge, Manion, Illinois

Site SITE 22A SITE 36
Location
GokW Sample ID COSO22A04 COSO22A07 COSO22A08 COSO22A13 C0SO22A10 COS022AII COSE3501 COSE3609 COSL36M
Laboratory Sample ID 93416 gum 95214 95249 95222 95230 103357 103438 IOD323
Sample Depth (W) 1,5 to 2.0 1.0 to 1.2 2.0 to 2.5 2.0 to 2.5 1.0 to 2.2 to 2.5 1.0 to 1.5 1.0 to 1.5 0.0 to 1.0
Sample Type Investigative Investigative Investigative DUPfirAft of COS022AGS Investigative Investigative I"Vestigatt" Duplicate or COSE36D1 Investigative
Sample Date O4nM 05WW 05/03/93 05Aaw 0590M 05AW93 05KIM 05KIM 05�

Compound Cone. MDL Cone- MDL Cone, MDL Conc. MDL Conr. MDL cam MDL Conc, MDL Cow. MDL Conc. MOL
ffKft moft ffKVKa 1"aft moft ffKft nxft moft moft moft m1WQ 111`14M! MMI 111� ft� rnaft inaft m�

Arsenic 7.0 05 4-2 05 56 05 64 0.5 60 06 3.5 J (d) 0.5 4.0 01 3.0 0.6 Z3 0-5
Cyanide (Total) ND 0.6 ND I ND 1 ND 1 ND I NO I ND 2 NO 2 ND 1
Lead 14 0.2 12.8 0.3 13 U 16 0.2 13.7 0.3 9.1 0.2 61 0.4 54 03 6.5 0-3
mercury 004 0.02 0.04 0.03 0 04 003 OM U2 004 OM 0.04 0.02 0 26 0.0.4 024 0.03 0-07 0,03
Moisture Content (Percent) 21 0.1 24 0.1 24 0.1 23 0.1 29 0.1 22 0.1 43 0.1 34 0.1 25 0"!
Selenium ND 2.0 ND 2.1 ND 2.1 ND 2.1 NO 22 ND J (a) 2 ND 2.8 ND 2.4 ND 1.6
Thallium 0.47 0,2 0.42 0.2 0.55 0.3 0.51 0.2 0.49 0.3 0.4 02 0.47 0.4 0.42 0.3 0 33 0.3

TARGET ANALY1 E LIST

0 Aluminum 9100 3.8 6200 3-9 10300 3 9 9500 3.9 M 4.2 12700 3.8 8400 &3 7400 4�5 109DO 4 0
Banum 116 0.6 128 0 6 160 O�6 140 0.6 84 0.7 100 0.6 118 0.9 114 0.8 119 0.7
Beryllium ND 0.6 0.6 0.6 ND 0.6 ND 0.6 ND 0 7 ND 0.6 ND 0.9 0 8 0.8 NO 0.7
Cadmium ND 0.6 ND 0.6 ND 0 6 NO 0-6 ND 0.7 ND 0.6 24 a 9 65 0 a 6.0 0-7
Calcium 20DO 5.1 5100 53 4100 5.3 2800 5.2 24000 5.6 MM 51 3000 7.0 29DO 6.1 1900 5.3

0 Chromium 14 0.6 9.6 0.6 14 0.6 14 0,6 11.1 0.7 15 0.6 47 0,9 38 O�8 21 0.7
0

Cobalt 10 2 1 11.4 1 13 1 10 9 1 73 1 7-6 1 9.8 2 103 2 9-5 1
Copper 10.4 0.6 10,5 0.6 10,8 0.6 10.8 0,6 10.7 0.7 17 0.6 37 0�9 26 0.8 12.7 03

in iron lem 2.5 12200 2.6 17000 Z6 16000 2.6 14000 2.8 22000 2.6 14900 15 18000 3.0 16" 2.7
Magrftitim 1900 3.8 1080 19 1600 3 9 16W 3.9 4800 4.2 3500 3.8 1680 5.3 1500 4.5 1900 4.0
Manganese 890 0.6 1300 0.6 16M a 6 1140 0.6 580 0.7 370 0.6 190 0.9 360 0.8 560 0.7
Nickel 11.6 1.9 10.6 2.0 14 2 0 11 3 1.9 10.7 2 1 14 1.9 17.4 2.6 12.3 2.3 15 2.0

Potassium 660 63 470 66 710 66 650 65 60D 70 8W 64 630 as 500 76 550 67
Antimony ND 5.1 ND &3 ND 5.3 ND 5.2 NO &6 ND 5.1 ND J (eg) 7.0 ND &I ND J (ea) 5.3
diver 1.4 U 0.83 0 6 1 0.6 1.6 0 6 0 92 01 1.5 0.6 1141 0,9 6.2 0.8 1.7 0.7
Sodium 56 1.9 64 2.0 72 2.0 66 1.9 82 2.1 100 1.9 210 2.6 180 2.3 56 2.0
Vanadium 26 0.6 26 0-6 29 0.6 27 0.6 30 0.7 29 0.6 23 0.9 27 0.8 25 0.7
Zinc 1 40 1 53 1 4.15 1 42 1 55 1 59 1 158 2 139 2 79 1

Notes: Sample ID Breakdown (COSO22A01):
ND - Not detected at or above the MDL. CO - Crab Orchard
MDL - Method Detection Limit SO - Soil / SE- Sediment SL- Sludge
Conc. - Concentration (dry~ t basis) 22A - Site Number
EQ - Elevated quantitation limits rewltinig from matrii(Interk"noe. 01 - Sample Number
J - The associated Value is an estimated quantity.
U - The assocated result is estimated as non-detect.
(a)- Biased high due to surrogate racintery,
(b)- Biased low due to surrogate recovery,
(c)- Estimated Mm to surropte recovery� related to sample dilution,
(d) - Based high due to MSIMSD recovery.
(e) - Biased low due to MSfMSD recovery.
M - Biased high due to LCS recovery.
(g) - Blased low due to LCS re=vry.
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TABLE 15
Summary of Validated TAL Inorganic Analyses of Soil, Sediment and Sludge Samples
Phasel - RI, MisoellaneousAreasOperableUrmt
Crab Orchard National Wi;d1fe Reftige, Marion. Illinois

Site SITE 36
Location
Golder Sample ID COSL3604 COSL3605 COSL3606 COSL3607
Laboratory Sample ID 100331 100340 100269 100250
Sample Depth (W) 0.0 to 1.0 0.0 to 1.0 0.0 to 1.0 0.0 to 1.0
Sample Type investigative Investigate Investigative Imesicattive
San" Date 05A)5/93 05/05193 05/04193 0504193

C-11130" Cone. MDL Cone. MDL Conr MDL Cono MOIL
mgU ff Inaft mWI(a mgft moft mama

Arsenic 5,8 1.1 4.4 1 22 0.6 4.4 J (d) 0 6
Cyanide (Total) ND 8.3 ND 2 ND 1 7.0 2
Lead 5W 0.6 320 0 5 8.9 0-3 12.1 0-3
Mercury 3 0 0.06 1.7 0.05 0 03 0.03 0.08 0.03
Moisture Content (Percent) 64 0 1 59 0.1 29 0.1 34 0.1
Selenium ND 3.3 0,93 0.7 ND 1.7 ND 2A
Thallium 0.72 0.6 ND 0.5 0.39 0 3 0,48 0-3

TARGET ANALYTE LIST
0 Aluminum 15800 8.3 13200 7-3 9300 41 9" 4.5
rL Barium 330 1.4 232 1.2 150 0.7 144 0.8

Beryllium ND 1.4 ND 1.2 ND 0.7 ND 0.8
cadmium 16.7 1-4 27 1 2 130 0 7 29 U
Calclum 11400 11.1 76DO 9'13 2400 5 6 2300 6rl
Chromium 200 1.4 132 1,2 24 01 39 0 8

0
Cobalt 14.4 3 12.0 2 8 0 1 11 4 2
crew 158 1A 105 1.2 17 0.7 18 0.8
Iron 23900 5 6 19500 4,9 14000 18 17000 3.0
Magnesium 3000 8.3 2400 7.3 2100 4-2 2300 4.5
Manganese 1300 1.4 760 1.2 280 0.7 330 0.8
Nickel 36 4 2 32 3.6 22 2.1 24 2.3

Potassium 1080 139 850 122 450 70 700 76
Antimony 39 J (eg) 11.1 19.5 J (eg) 9.8 NO J (eg) 5.6 ND 6.1
Silver 108 1.4 63 1.2 1.01 0 7 2.9 0.8
Sodium 158 4.2 146 16 ISO 2.1 210 2.3
Vanadium 22.5 1.4 22.2 1,2 18 0.7 30 0.8

lzinc 1 800 3 1 630 2 1 127 1 1 170 2

Notes: Sample 10 Breakdown (COSO22A01): Created: SK
ND - Not detected at or above the MDL. co CO - Crab Orchafd Reviewed: RP
MDL - MethodDetectionLimit $0 -SO -Sod/ SE-Sedinwntl SL-Skxfge Checked: MD
Cone. - Concentration(dryweightbasis) 22A 22A - SiteNumber
EQ - Elevated quantitation limits resulting kn m#rbc interference. 01 - 01 - Sample Number
J - The associated value is an estimated quantity.
U - The associated result Is estimated as non-delect,
(a)- Biased high due to surrogate recovery.
(b)- Biased low due to s~e recovery.
(c)- Estimated due to suffogate recovery related to sample dilution,
(d) - Biased high due to MSfMSD recovery.
(a) - Biased bN due to MSIMSD recovery.
M - Biased high due to LCS reomwy.

Biased low due to LCS recovery
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TABLF 16
1 kf'� IMUNARY LEVELS OF CONCERN AND

ADJUS II-,D PRE11MINARY LEVELS OF CONCE RN
FOR ORGANIC COMPOUNDS

Residential Exposure Residential Exposure ADJUS'I`ED
DETECTED Scenario (1) Scenario (2) PRFL[NUNARY PRELIMINARY
ORGANIC LUST ROD LEVEL OF LEVFI OF
ANIALYTE RfD VALUE SF VALUE VALUE VALUE CONCERN C0N('FRN

(SOIL) (SOILji
(mgt'Kg-d)-l (AAQ (�di�

VOLATILFS
Acetone 0,100 (1) 8240000 8240000 NA
BETX (Total) (3) 11705 11705 NA
Ethylbenzene 0,100 (1) 8240000 < 1 1705 (3) <'I 1705 NA
Methylene Chloride 0.060 (I) 4944000 OM75 (1) 85333 85333 NA
Methyl ethyl ketone (2-Butanone) 0.050 (H) 412()(M 4120000 NA
Toluene 0.200 (I) 1648(XM < 1 1705 (3) <1 1705 NA
Xylenes (total) 2.000 (I) 1648(�XV) <11705(3) <1 1705 NA

SENHNtOLAI IILES
Acenaphthene 0.060 (1) 4944000 8400 8400 1680
Anthraccne 0.3W (1) 24720000 427000 42000 8400
Benzo(a)anthracene 14 (4) <4 <0.8
Benzo(a)pyrene 73 (1) 88 <4 (4) <4 <0.8
Benzo(b)fluoranthene -e4 (4) �4 <0.8
Bis(2-ethythexyl.iplithalate (DEHP) 0.020 (1) I64WW 0014 (I) 45714 45714 9143

Chrysene �4 (4) <0.8
Di-n-butylphthalate 0 I(O (1) 8240000 2-41MO 1640000
I'Abenzoftwan NX NA
Fluoranthene 0,040 (1) 3.196000 56W 5600 1120
Fluorene O�040 (I) 3296(XX) 5600 5600 1120
2-Methyinaplithalene 0,004 (S****) 329600 329600 6591.0

Napthalene 0 004 (S) 329600 25 25 50
Pentachlorophenol OMO kl) 2472000 0 12 (1) 5333 5333 1063
Phenanthrene 0.030 (1**-) 2472000 <41.00 (5) <42W <840
Pyrene OMO (1) 24=00 4200 4200 w
Total Carcinogenic PNAs (4) 4 4 0.8
Total Non-CarekNcruc PNAs (5) 4200 4200

EXPLOSIVFS
2,4,6-Trinitrotoluene (INI) NE NA

PESTICIDES AND PCBs
Aldrm 0 00003 (1) ITO (1) 38 7 6
4,4!-DDD 0 24 (1) 2667 2667 5�4
4,-f-DDE 0 34 (1) 1882 188-1 376
4,,V-DDT (mo (f) 412W 0,34 (1) 1882 1882 376
fleptaLhlor Epoxide NE -NIA
Total PCBs (6) 500 500 I(O
Aroclor-1248 77 (1) 83 <500(6) <5M <1M
Aroclor-1254 7.7 (1) 83 <500 (6) 500 <100
Aroclor-1260 7.7 (1) 83 <500(6) <500 <100

DIOXINSIFURANS
Total Dioxins/FuTans (7) I �0 (8) 0 2

NOTES:
(1) Assuming a Hazard Quotient ofO.3 and oral exposure route.
(2) Assuming an Incremental Cancer Risk of I E4)6 and oral exposure route
(3) Total BETX is the sum ofbenzene, ethylberrzene, toluene, and xylene concentrations,
(4) Total Carcinogenic PNAs include benzo(a)anthracene, benzo(a)pyrene, benzo(b)lluoranthetie, chrysene,

benzo(k)fluoranth,ene. dibenzo(ah)anthracene, and indeno(IZ3-,d)pyrene
(5) Total Non-Carcinogenic PNAs include phenanthrene, acenaphthylene, and benzo(glii)perylene
(6) Total PCBs includes all Aroclor species,
(7) Total Dioxins/Furans include I,'-'3A7,8-HxCCD, I,123,6,7,8-HxCDD, I,2,3,7,8,9-HxCDD, 1,2,3A

OCDD, l,2,3,6,7,8-HxCDF, 2,3,4,6,7,8-fMCDF, l,"13,4,6,7,8-HpC.DF,1,2,3A7,8,9-IWCDF, and OCDF
(8) USEPA Region VII Preliminary Recommended Standard
I = IRIS

H = Heat
S = Superfund Technical Support Center

Based on Pyrene surrogates
= Based on Naphthalene surrogate

LUST = Leaky Underground Storage Tank Program (1EPA, 1991)
ROD = EPA Records ofDecisions (PCB and Metals Operable Unit)
NE = Not Established

(08006597"'BlIsth) &older Associates
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TABLE 17
PRELIMINARY LEVELS OF CONCERN AND

ADJUSTED PRELIMINARY LEVELS OF CONCERN,
FOR INORGANTICANTALYTES

Residential Expvtsurc Residential Exposure BACKGROUND (3) RECORD ADJUSTED
Scenario (1) Scenario (2) OF PRELIMINARY PRELIMINAR Y

INORGANIC UPPER LIMIT DECISIONS LEVEL OF LEVELOFCONCIRN
ANALYTE Rfl) VALUE SF VALUE OFRANGE VALLT (4) CONCERN (-9/kg)

(mgjk-g-d) (mp'kg) 0ngk-g-d)-l (mg k-9) (Mgllkg) (Ing1g) (1119,19)

Aluminum 1.000 (S) 82400 28700 82400 NA
Antimony omo (1) 33 2.41 33 NA
Arsenic 0.000 (I) 24.7 1.7 (1*) 0.38 15,50 15�50 NA
Barium 0.070 (1) 5768 160 5768 NA
Beryllium 0.005 (1) 412 4.3 (1) 0.15 0.96 0.86 NA

Cadmium 0.001 (1) 82 4 1.35 10 1.35 NA
Calcium NT NT 2250 NT NA
Chromium O�005 412.0 42.90 412 NA
Cobalt 0.060 (S) 4944 18.60 4944 NA
Copper 0.040 (S) 3296 21.10 3296 NA

0 Iron NT NT 30800 NT N, A
EL Lead ND ND 19.50 450 450 NA

Magnesium NT NT 1130 NT NA
Manganese 0.140 (1) 11536 1340 11536 NA
Mercury 0.000 (H) 24.7 0.06 24.7 NA

Nickel 0.020 (1) 1648 34.80 1648 NA
Potassium NT NT 1590 NIT NA
Selenium 0.005 (1) 412 1.50 412 NA
Silver 0.005 (1) 412 0.80 412 NA
Sodium NTT NT 451 NT NA

Thallium 0.63 0.63 NA
Vanadium 0.007 (H) 576.8 916 577 NA
Zinc 0.300 (1) 24720 208 24720 NA
Total Cvinide 0,020 (1) 1648 NA 1641� 330

(1) Assuming a Hazard Quotient of 0.3 and oral exposure route. RfD Reference Dose.
(2) Assuming an Incremental Cancer Risk of I E-06 and oral exposure route. SF = Slope Feator.
(3) U-SACE, 1992. See Section 3.4.3 ofthis report for more information.
(4)RecordOfDecisionN'aluesestablishedbvtheEPA forthePCBandMetalsOperableUnits(LJSEPz',i,1990aandb).
* = Based on proposed arsenic unit risk of 5E-05 ug./I (IRIS; EPA 1992c).
I = IRIS
H Heast
S Superfund Technical Support Center
NA= Not.,Wlicable
ND = No Data
NT = Parameter considered non-toxic under typical environmental exposure scenarios (USEPA. 1989), and not evaluated for soil pathways

(08006597.WBI/srh)
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TABLE 18

SUMMARY OF CONSTITUENTS DETECTED DURING 1993 PHASE-1 INVESTIGATION

SITE TCL VOCs TCL SVOCs TCL PEST/ EXPLOSIVES DIOXINS TAL
PCBs

Site 7 NA XXX

Site 7A NA

Site 8 X NA XXX

Site 9 NA XXX

FL Site 10 X XXX NA

Site II X NA XXX

Site I IA X XX XX NA

Site 12 X X NA

Site 14 XXX X NA XXX

Site 16 X XXX NA XXX

Site 20 NA

Site 22A X XXX X XXX

H Site 36 X L-XXX xxx NA XXX

XXX - Detectable Concentrations above the Preliminary Level of Concern or Adjusted Preliminary Level of Concern
XX - Detectable Concentration of Compound for which no Preliminary Level of Concern is established
X - Detectable Concentrations of Organic Compounds
NA - Not Analyzed

(08716437.wpl/orh)
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TABLE 19
PRIMARY MEDIA POTENTIALLY IMPACTED
BY RELEASE OF COMPOUNDS OF CONCERN

Release Source Pathway Primary Media Impacted

Volatization Air

Fugitive Dust Generation Surface Soil

Soils Foot Traffic Surface Soil

0 Surface Runoff Sediment & Surface Soil

Leaching Ground & Surface Water

Episodic Overbank Flow Surface Soil

Bedload Transport Sediment

Sediment Underlying Soils,

Leaching Surfitce Water &

Groundwater

Foot Traffic Surface Soil

Episodic Overbank Flow Surface Soils

Underlying Soils,
Sludge

Leaching Surface Water &

Groundwater

(08716438.wpl/sffi)
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TABLE 20
INDICATOR SCORES

Maximum
Sample Toxicity

Indicator Concentration Constant Indicator
Compounds (mg/kg) (kemz) Score 2

Benzo(a)anthracene 3. SP 2.9x10-5 .00011
Bis(2,ethy1hexiy)phthalate 1.2' 2.86x10-8 3.4x10-8
PCBs (total) 129.8 3 2.86x10-5 .00371
Dioxin/furans (total) 0.778 4 1.71xlO-' .133

1 Based on oral route for soil, from USEPA (1986, Exhibit A-3). Toxicity constant
2 shown for total dioxins/furans is toxicity constant for the dioxin 2,3,7,8 - TCDD.

Indicator score is sum of maximum sample concentration and toxicity constant.
Indicator score is unitless.

3 Sample COSL3604/00.' to 1.0'
4 Sample COSO22A03/0.6' to 0.8'

(08726720.wpl/srh)

Golder Associates
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TABLE 21
PHYSICAL PROPERTIES OF INDICATOR COMPOUNDS

Log Water Vapor
K.. Solubility Pressure

Compound (no units) (MVA) (mrnH&j

Acetone -0.24 1.00X106 2.70x102
Benzo(a)anthracene 5.60 5.70X10-3 2.20xlO-"
Dioxin(2,3,7,8-TCDD) 6.72 2.00x10-4 1.70xI0-6
Ethylbenzene 3.15 1.52xW 7.0x10')
Polychlorinated Biphenols 6.04 3.10X10-2 7.70x10-5
Pyrene 4.88 1.32x10-1 2.50x10-6
Trinitrotoluene (TNT) NA 2x102 NA
Xylenes 3.26 1.98x102 1xio,

K.w = Octonal/water partition coefficient; NA = not available
Data from USEPA, 1986, Exhibit A-1 and A-3; except TNT from Verschueren (1983)

(08713034.%vp1\emp)

Golder Associates
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COSO07A04C6SO07AO2
COS007AD1 COSO07A03...... ... .

0--------------COSO07A08

COSO07A07

SITE 7A BLDG.COSO07A05

COSO07A06
LEGEND:

COSO07AO2
A DISCRETE SAMPLE LOCATION

COSO07AO1 GENERAL AREA OF COMPOSITE SAMPLE

CONSISTING OF FIVE GRAB SAMPLES

FENCE

ROAD

COSE0702/COSE0704 CULVERT

SITE 7 SURFACE FLOW DIRECTION

� IRON SURVEY PIN

COSE0701/COSE0703 WOOD SURVEY STAKE

SITE 8
NOTE:
1. SAMPLES COSE0703 AND COSE0704 ARE

SAMPLE SPLITS OF COSE0701 AND
COSE0702, RESPECTIVELY.

COS00803

COS00801 200 0 200 400 600

COS00802 SCALE IN FEET

TME SITES 7. 7A AN D 8

PHASE-[ SAMPLE LOCATIONS
Chicago, Illinois

0"/pRGxCT K DATE 12-20-9.3 923-8108
MW/CRAB ORCHARD RVIL cm 5CN-E AS SHOWN Mr.. No.

ME MWE 8108120 MURE NO.5



LEGEND:

COS02001 DISCRETE SAMPLE LOCATION

COS02001GENERAL AREA OF COMPOSITE
COSO2001/COSO200 SAMPLE CONSISTING OF FIVE

GRAB SAMPLES

C9 WOOD SURVEY STAKE

FENCE

BUILDING/STRUCTURE

ROAD

>- CULVERT

NOTE:
1. SAMPLE COS02002 IS A SURFACE FLOW DIRECTION

DUPLICATE OF COSO2001.

100 100 200 300

SCALE IN FEET
CUENr/PRNECT IME

SITE 20
MW/CRAB ORCFIARD RI /IL PHASE-I SAMPLE LOCATIONS

Chicago, Illinois
SCALE FILE NAME DWG NO. FiGuRE

DRAWN UTECKED FFEAC*ED DATE -- 7 AS SHOWN 8108122 I"' '923-8108 6
TPK I 12-20--93 1 I



IN

COSE1004

SITE 9
0 0

COSE1003
COSE0901

LEGEND:

SITE 1 0 COSE0902 COSE1004

COSE1001 A DISCRETE SAMPLE LOCATION
COSE1 003 GENERAL AREA OF COMPOSITE

SAMPLE CONSISTING OF FIVE
GRAB SAMPLES

CQSE1002 SITE 1 1 A ------ cl- POWER LINE

FENC

BUILDING/STRUCTURE

Z SITE 1 1 ROAD

BEAVER POND /--COS01102/COS01104
(LOCATION APPROX.) CULVERT

COSO1101/COSO1103 SURFACE FLOW DIRECTION

IRON SURVEY PIN

WOOD SURVEY STAKE

CRAB ORCHARD LAKE

300 0 300 600 900
11r: SCALE IN FE M!TM

NOTE: TULE SITES 9. 1 0. AND 1 1
1. SAMPLES COS01103 AND COS01104 ARE PHASE-I SAMPLE LOCATIONS

SAMPLE SPLITS OF COS01101 AND Chicago, Illinois
COS01 102, RESPECTIVELY. DATE

C"/PMECT TPK 12-21-93 923-8108
MW/CRAB ORCHARD R11/11L CHECKED SCALE AS SHOWN M. NO.

ME W.ME - MURE NO.8108121 7



COS011A08

COS011A06

COS01 1A03

LEGEND: COS011A02

COS011A08 �Ey
DISCRETE SAMPLE LOCATION

COS011A04 GENERAL AREA OF COMPOSITE OSO 1 1 A05 COS011A07
SAMPLE CONSISTING OF FIVE OS01 W 0

GRAB SAMPLES L COS011A01/

SURFACE FLOW DIRECTION

.1 COS011A09

BUILDING/STRUCTURE

CULVERT

ROAD

NOTE:
FENCE 1. SAMPLES COSO11A09 AND COS011A10

ARE DUPLICATE SAMPLES OF COSOIIAO1

0 WOOD SURVEY STAKE AND COSO11A05, RESPECTIVELY.

100 0 100 200 300

SCALE IN FEET

CIJEW/PMECT TRE SITE 1 1 A

MW/CRAB ORCHARD RI/IL PHASE-I SAMPLE LOCATIONS

Chicago, Illinois
VRAAN CHECKED DATE SCALE FILE NAME JOB u DWG NO, FIGURE

TPK I 12-20-93 AS SHOWN 1 8108107 9)2'3-8108 1 1 8 �j



COSO 1 201 6 FT. HIGH
COS01207 BERM

2 FT. HIGH
BERM COSO1204

STANDING
WATER

COS01202

COS01203/
COS01208

6 FT. HIGH
BERM

NOTE:
1. SAMPLES COS01207 AND COS01208

ARE DUPLICATES OF COS01201
AND COSO1203, RESPECTIVELY. LEGEND:

COS01203 DISCRETE SAMPLE LOCATION

COS01201 GENERAL AREA OF

(�F) COMPOSITE SAMPLE

50 0 50 100 150
W�- MEMEM09
SCALE IN FEET

ME SITE 12
PHASE-I SAMPLE LOCATIONS

Chicago, Illinois
CUENT/PROJECT DRAWN TPK DATE 12-17-93 -'O" `O- 923-8108

MW/CRAB ORCHARD Rll/IL CHECKED h- SCALE AS SHOWN DWG NO,

REMEWED .2A FLE '"E 8 1 08 1 1 9 MURE NO. 9



COS01403

COS01404

0
COS01402

COSO 1 401 LEGEND:

COS01404 DISCRETE SAMPLE LOCATIONA
COS01403 GENERAL AREA OF COMPOSITE

SAMPLE CONSISTING OF
FIVE SUBSAMPLES

SURFACE FLOW DIRECTION

CULVERT

00, ROAD
Cb0

BUILDING/STRUCTURE

000
000 DRUM STORAGE AREA

ABOVE-GROUND
STORAGE TANK

ITE 13 < PIPE DISCHARGE

� IRON SURVEY PIN

100 0 100 200 300
0 mm=mmmq

SCALE I N FEET

ME SITE 14
PHASE-I SAMPLE LOCATIONS

Chicago, Illinois
CUENT/PROJECT DRAWN TPK DATE 12-22-93 I" No, 923-8108

MW/CRAB ORCHARD RI/IL CHECKED SCALE AS SHOWN CWG NO,

RE`0E`*ED 11 11 8108111 FIGURE NO, I 0



COSO 1 601
COS01603/COS01605

COSO1602

ER
BLDG. 3-5--

r -------------
FORMER

BLDG. 4-4--------------
COS01604/COS01606

LEGEND: -- -------- r
FORMER FORMER

-3 BLDG. 5-2COS01602 DISCRETE SAMPLE LOCATION DG.-5 - - - - -

COS01601
GENERAL AREA OF
COMPOSITE SAMPLE

SURFACE FLOW DIRECTION

CULVERT

NOTE:
FORMER RAILROAD SPUR 1. SAMPLES COS01605 AND COS016016 ARE SAMPLE

SPLITS OF COS01603 AND COS01604. RESPECTIVELY.

EXISTING BUILDING OF INTEREST

...... RAZED BUILDING 200 0 200 400 600

� IRON SURVEY PIN SCALE IN FEET

CLIEKT/PRWECT SITE 16

MW/CRA8 ORCHARD RI/IL PHASE-I SAMPLE LOCATIONS

Chicago, Illinois
MAWN REvIEWED DATE RLE NAME JOB NO. DWC. NO. nrURF

I Ad- 12-20-93 AS SHOWN 8108112 923-8108
TPK f �Jq I



AINAGE
(APPROX.)

CONCRETE
FOUNDAT

AVEL
PAD

ILDI
SHED

120 0 120
SOURCE: PHOTOGRAPH BHK-3W-85 TAKEN

MAY 1. 1960 SCALE RATIO 1:20,000
(USDA, 1960) APPROXIMATE SCALE IN FEET

auff/pWACT 1960 AERIAL PHOTOGRAPH

MW/CRAB ORCHARD RUIL SHOWING POST TREATING
Chicago, Illinois FACILITY FEATURES

REVIEWED DATE AS SHOWN 12MEW IFLE UK
KMK 12-21-93 108155 923-8�08 �



N,

;0.01

A&W

Q
---- ---- ---- I------------------------------ ------------ ---------- ------------ ---------------- -------

%

... . .... LEGEND:
----------- ........

15� SANITARY SEWER PHASE I AND PREVIOUS SAMPLING LOCATIONS

MANHOLE GENERAL AREA OF COMPOSITE
SOIL SAMPLE CONSISTING OF
FIVE GRAB SAMPLES

SITE 22A GENERAL AREA OF SAMPLE COU ECTED
BY USFWS 1989 (APPROX. LOCATION)

MONITORING WELL INSTALLED

........... . ......... ....... ---------- ......... ---------- ---------------- FOR 1988 RI
------------ -----

- - -------------------------- ------------------------- ...................... - ----------------------------

OTHER FEATURES

GENERAL LOCATION OF
RA MONITORING WELL (SITE 22)

P6�f'-TREATING FACILITY
FEATURES----VISIBLE ON FENCE

'�-l 960 196S-AERIAL
PHOTOGRAPHS",,-_ I OLD SHOP AREA BUILDING OR FOUNDATIONS

-S- SANITARY SEWER

METALS AREA OPERABLE UNIT
REMEDIAL DESIGN RD EXCAVATION
BOUNDARY

UO 0"

lon TREE LINE (TYP.)
.......... ..... . ................................. ................... ......... ................ ........ ------- ..... . .. ....... .... . ...

NOTES:
1 . GRID IS IN FEET AND RELATIVE TO ILLINOIS 60 0 

STATE PLANE COORDINATES.
2. CONTOUR ELEVATIONS ARE IN FEET AND SCALE IN

RELATIVE TO MEAN SEA LEVEL. WLE

3. CONTOUR INTERVAL IS ONE FOOT. POST TREA11NG FA
4. BASE MAP FROM DRAWING CER 61-400E, 

SHEET REF. NO. C4, DATED FEB., 1993,
BY WOODWARD-CLYDE CONSULTANTS. Chicago, Illinois PHASE I SAMPLE LOCATIONS

=N TPK DATE 12-22-93 NO. 923-8108

MW/CW ORCHARD RI/IL CHECKM AS SHOWN
RLE F"E RGURE8108156 13



COSE3601/COSE3609

COSE3602/COSE3610

TREATMENT PLANT 19

LEGEND:
SAND BEDS

COSE-3602 DISCRETE SAMPLE LOCATION
COSL3603/COSL3608 A

T POND COSE,3601 GENERAL AREA OF COMPOSITE
COSL3604 SAMPLE CONSISTING OF

FIVE GRAB SAMPLES

EAST BUILDING/STRUCTURE
POND

COSL3605 ROAD

21 WOOD SURVEY STAKE
COSL3606 0

DISCHARGE PIPE

SURFACE FLOW DIRECTION

p SECONDARY:
FORMER DRAINAGE

LAGOON LAGOON

200 0 200 400 600

COSL3607 SCALE IN FEET

SITE 36
NOTES: PHASt-I SAMPLE LOCATIONS
1. SAMPLES COSE3609 AND COSE3610 ARE DUPLICATES Chicago, Illinois.

OF COSE3601 AND COSE3602, RESPECTIVELY. C"/PRWECr mm TPK DATE 12-20-93 JOB NO. 923-8108
2. SAMPLE COSL3608 IS A SAMPLE SPLIT SCALE DWG. NO.

OF COSI-3603. MW/CRA.B ORCHARD RI/IL AS SHOWN
RMEWM ME MWE MURE NO.M 8108123 14



PHASE I RI 1993

SITE 9

LEGEND:

SITE 1 0 VOC SAMPLE LOCATION

GENERAL AREA OF COMPOSITE
------- SAMPLE CONSISTING OF FIVE

SUBSAMPLES

GENERAL AREA OF COMPOSITE
ITE 1 1A SAMPLE COLLECTED BY

O'BRIEN AND GERE 1988

POWER LINE

FENCE
PHASE I RI 1993

ACETONE 83
METHYL ETHYL KETONE 20 BUILDING/STRUCTURE

-ANT.HfACENE-1.�50
RI 1988 -.340

BIS(2-ETHYLHEXYL)PHTHALATE 540 BIS(2-ETHYLHEXYL)PHTHALATE 390 ROAD
N-NITROSODIMETHYLAMINE 270 FLUORANTHENE 690 y E=

PHENANTHRENE 450 SITE 1 1
PYRENE 510 CULVERT

SURFACE FLOW DIRECTION

ANALYTE CONCENTRATION

PHASE I RI 1993 GREATER THAN THE PLC/APLC
CRAB ORCHARD LAKE AP ETON E 8

I � OOJ..
BERYLLIUM.'J'Ai, 9 9

300 0 300 600 900

SCALE IN FEET

NOTES: 7ml SITES 9. 1 0, AND 1 1
1. CONCENTRATIONS ARE IN /.Lg/kg EXCEPT AS NOTED. SUMMARY OF
2. J = CONCENTRATION IS ESTIMATED. Chicago, Illinois ANALYTICAL RESULTS

a"/PMECT DRAWN TPK DATE 12-21-93 923-8108

MW/CW ORCWD RI/IL c"EcKm RA SCAE AS SHOWN DWC.. NO.

RMEWED FILE NAME 8108146 nGUFE iZ-1 5



PHASE I RI 1993

METHYL ETHYL KETONE1 14
ACETONE 52

RI 1988

JOTAL -PCbi�
NNITR6s6DIMEfHYLAMINE

RI 1988

LEGEND:

-----------VOC SAMPLE LOCATION

GENERAL AREA OF COMPOSITE
SAMPLE CONSISTING OF FIVE
SUBSAMPLES

GENERAL AREA OF COMPOSITE
SAMPLE COLLECTED BY
O'BRIEN AND GERE 1988 PHASE I RI 1993

METHYL ETHYL KETONE 14
SURFACE FLOW DIRECTION 2,4,6-TRINITROTOLUENE 1 380

BUILDING/STRUCTURE
N x x x

CULVERT

ROAD

PHASE I RI 1993 F-1
FENCE HEPTACHLOR /ND

ANALYTE CONCENTRATION
GREATER THAN THE PLC/APLC

NOTES:
1. CONCENTRATIONS ARE IN Ag/kg, EXCEPT AS NOTED. 100 0 100
2. ND = NOT DETECTED ABOVE THE DETECTION LIMIT.
3. NO PLC/APLC DETERMINED FOR 2,4,6,-TRINITROTOLUENE SCALE IN FEET

OR FIEPTACHLOR EPOXIDE.

CUM/PROJECT Tfnl SITE 11A

MW/CRAB ORCHARD RI/11L SUMMARY OF

Chicago, Illinois ANALYTICAL RESULTS
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PHASE I RI 1993

ACETONE 88
METHYL ETHYL KETONE 7

RI 1988

BIS(2-ETHYLHEXYL)PHTHALATE 270
4-METHYLPHENOL 273

000

RI 1988

N-NITROSODIMETHYLAMINE 95J

LEGEND:

VOC SAMPLE LOCATION

GENERAL AREA OF COMPOSITE
SAMPLE CONSISTING OF FIVE
SUBSAMPLES

GENERAL AREA OF COMPOSITE
SAMPLE COLLECTED BY O'BRIEN
AND GERE 1988
(APPROX. LOCATION)

SURFACE FLOW DIRECTION

PHASE I RI 1993 CULVERT
00

0% METHYLENE CHLORIDE 210 ROAD
000 ETHYLBENZENE -1 l3Q0,

BUILDING/STRUCTURE
VP XYL NEJ-28000,.'�- coo

DI-N-BUTYLPHTHALATE 310 0100 DRUM STORAGE AREA

-BERYLLIUM't'l.04, m. g/kg
ABOVE-GROUND

CO STORAGE TANK

< PIPE DISCHARGE

ANALYTE CONCENTRATION
GREATER THAN THE PRELIMINARY
LEVEL OF CONCERN

NOTES:

1. CONCENTRATIONS ARE IN Ag/kg, 100 0 100 200 300
EXCEPT WHERE NOTED.

2. J CONCENTRATION IS ESTIMATED
SCALE IN FEET

TMLE SITE 14

SUMMARY OF
Chicago, Illinois ANALYTICAL RESULTS

CUENT/PMECT DRAWN TPK DArE 12-21-93 JOB NO, 923-8108

MW/CRAB ORCHARD RI/IL CHEMED SCALE AS SHOWN OWG NO,

PE-TWED FILE NAME 8108144 FIGURE NO. 17



PHASE I It 1993 RI 1988
ACETONE 1220 ANTHRACENE 256 JWAROCLOR 1254 U 8IS(2-EM-LHEXYL)PHTK&1-ATE 44 W

AROCLOR 1260 U CHRYSENE 453 JW
DIBENZOFURAN 6 JW

DI-N-13LIMPHTHALATE 7 W
FLUORANTHENE 389 W

RI NDMA 115, JW
PHENANTHRENE ! 9 JWAROCLOR 1254 2552 PYRENE i'�e' W

TOTAL PCBs 2552

FORMER
BLDG. 3-5

PHASE I RI 1993
ACETONE 22/U

AROCLOR 1254 1_03/U
ER AROCLOR 1260 61 10

BLDG. 4-4--------------

J ------------ r------------- n
LEGEND: FORMER FORMER

DISCRETE SAMPLE LOCATION BLDG. 5-3 BLDG.-

GENERAL AREA OF PHASE I
COMPOSITE SAMPLE

RI I 988
GENERAL AREA OF COMPOSITE AROCLOR 1254 280 W
SAMPLE COLLECTED BY CHRYSENE 41 JW

DIBENZOFURAN 50 JWO'BRIEN AND GERE (1988) 01-N-BUTYLPHTHALATE 41 W
NAPHTHALFNE 51JW

COMPOUND CONCENTRATION PHENMTHRENE 107 JW
E l GREATER THAN PLC/APLC PYRENE 34 JW

SURFACE FLOW DIRECTION
NOTES:

CULVERT t J = CONCENTRATION IS ESTIMATED.
2. W = CONCENTRATION IS ON A WET WEIGHT BASIS.

FORMER RAILROAD SPUR 3. U = UNDETECTED.

EXISTING BUILDING OF INTEREST 200 0 200 400 600

RAZED BUILDING SCALE IN FEET
WLE

SITE 1 6
MW/CRAB ORCHARD RI/IL SUMMARY OF

Chicago, Illinois ANALYTICAL RESULTS
DRAWN CKEuED RE�AEWED DATE X)B NO. raw(, NO AGURE
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USFWS 1989
2-METHYLNAPHTHALENE 1050

USFWS 1989 1-METHYLNAPHTHALENE 1870 USFWS 1989
1 1-METHYLNAPHTHALENE11410 2,6-DIMETHYLNAPHTHALENE 2900 USFWS 1989 NAPHTHALENE 1190

2,3,4-TRIMETHYLNAPHTHALENE 1320 -- METHYLNAPHTHALENE 12180 1 2-METHYLNAPHTHALENE 2350

USFNS 1989 1-METHYLNAPHTHALENE 2790
I 1-METHYLNAPHTHALENE11430 2,6-DIMETHYLNAPHTHALENE 2060

k, E5
-----------: ----------- ---------- ------------ ..... .......... ------- ------- .. .... ------------ ------------ ---------------------------- ----- -

---- IN ....
------------- ------------------------------

_S��s 0 LEGEND:S S S S S

GENERAL AREA OF COMPOSITE
PHASE I RI 1993 SOIL SAMPLE 1993 PHASE I RI

r-GRAVEE- BLDG.PHENANTHRENE 210
ANTHRACENE 200 GENERAL AREA OF SAMPI E COLLECTED

FLUORANTHENE 580 BY USFWS 1989 (APPROX. LOCATION)
PYRENE 590

-'B P NZO (a')ANTHRAC E' MONITORING WELL INSTALLED
CHRI(sEfslE 630' FOR 1988 RI

BENZO(�)FLUORANTHENE. 720.
BENZ-0(6)PYRENE S90 COMPOUND CONCENTRATION GREATER

.............. ......... ------- ................... .... .................. . . ..... . ...... ...... . ..... ................
-T6TAL DiOXINS/FURANS'-�� THAN THE

TOTAL-, OtOXINS/FORANS GENERAL LOCATION OF
.1 i 318

_001?_� 9 S RA MONITORING WELL (SITE 22)

PHASE I RI 1993 PHASE I RI 1993 ID E I RI 1993 FENCE
FLUORANTH PENTACHLOROPHENOL 3-20G,_'_ 4,4-DDD 4

PYRENE 240 4,4-DDb 12A 4,4-DDE 27 BUILDING OR FOUNDATIONS
-'-BENZO(�)F�UORANT' E 'E 300'. - - .- -.- - 4,4-DDE 1 0.9 4.4-DDT 2

-.TOTAL,-DIOklN'S/�URAN-S(sholl'ow'.s-d��ii 4,4-DDT 36 -,tOTAL.'-DlbXl'NS/FUFZANS(�h'dlt"-.'�o;ppi0s.� -S- SANITARY SEWER
-.3 TOTAL. bioXwt'/Pui��s( Z6 ep 7_63.

TOTAL* xfmpl�s�) '77.8 _-bio.�IN's/�7URANS(de ''.'sdrx�ple,§
I- I QTA�_- DjbXfN$/�,�-I,45 �6�6 'So mpre�) 41.-31 TREE LINE (TYP.)

...................... ------ ...... -------- ............ ...... . ... ........... . .... .......... ................ ------- .......

------------- -- - -----

NOTES:
1 . GRID IS IN FEET AND RELATIVE TO ILLINOIS 60 0 60 120 180

STATE PLANE COORDINATES. hmm1I!!!5mmme
2. CONTOUR ELEVATIONS ARE IN FEET AND SCALE IN FEET

RELATIVE TO MEAN SEA LEVEL. 7rrLE
3. CONTOUR INTERVAL IS ONE FOOT. POST TREA11NG FACILITY
4. ALL CONCENTRATIONS IN yg/kg, EXCEPT (SITE 22A)

WHERE NOTED.
5. BASE MAP FROM DRAWING CER 61-400E, Chicago, Illinois SUMMARY OF ANALYTICAL RESULTS

SHEET REF. NO. C4, DATED FEB., 1993, a"/PROJEC'r DPWK DATE " NO.
BY WOODWARD-CLYDE CONSULTANTS. TPK 12-23-93 923-8108

MW/CW ORCW D R11/11L CKECKED LIA SCALE AS SHOWN DWG. NO.
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PHASE I RI 1993

METHYLENE CHLORIDE 800
AL 3300

PHASE I RI 1993 -1 249' 42000-AROCLOR'
ACE-TONE 93/95 -AROCLOR-1 Z54' 80000

. . . �LPRIN 770/790 . . .. . . .ARO.CLOR-1260 7800
AROCI_OR�'12-48 8900/15000 ..... . ANTIWOW� 39 m /k
AROCLOR7' 1 Z5� 8200/6800 "C'ADiAlU4 16.7 'mg �Ik g
AROQLQR��126'0,_ 950/770 -LEAD - 500 mg/kg

-CADMIUM 24/6.5 'tJUM- 0.72 mg/kg
FLUORANTHENE ND/1 20 -ACE-NA:PHtHALENE_' 28000

ANTHRACENE 9400
i�ENW(b�ARIH"CERL'. 3900

BENZO(�)P�'Rt-Nt 1440
�'BFNZO(b')rLUORANTHFN`E, 3900

ETHY-LHEX�L)PHTHALATE 1220
. . . . . . . ICHRY51ENE'. 2610

PHASE I RI 1993 DIBENZOFURAN 19700

ACETONE 109 FLUORANTHEW 24200
-FUJOREN& 44000

.27METHYLNAPHTHALENE 18900
-NA�HTH 6100

PHFNANTHRENE 50000
PYRENE'-

TREATMENT PLANT 13900

LEGEND:

DISCRETE SAMPLE LOCATION

WEST POND GENERAL AREA OF COMPOSITEF1 SAMPLE CONSISTING OF FIVE

PHASE I RI 1993 SUBSAMPLES
0 ACETONE 880 GENERAL LOCATION OF SAMPLE

METHYL ETHYL KETONE 161 COLLECTED BY USFWS
O-XYLENE 61SAND BEDS EAST . . . .MP-XYLENE 58

PHASE I RI 1993 POND BUILDING/STRUCTUREALbRiN. 1580
-AR6CLbR:-:.1�4'6' 20700ACETONE 40

AROCLOR-1248 59 1.2,'54.. 34000AROCLOR-1254 59
.- AROCLQR�t`1260. 4100 ROAD.. '--CA0MIUM'- 13.0 mg/191 ANTW.NY. 19.5

--,-'-'.-'-CADMiuM' 27 mg/kg
. . . .LEAD, 320 mg/kg DISCHARGE PIPE

'AC-EW_HT-HA1,ENE' ' 18-300
ANTHRACENE 6300

BfNZO(q)A"RACENE' 2700
BE ,NZO'01PY-Rb4f!�- 900 SURFACE FLOW DIRECTION

13 t N 0 FL L J Q"RA_ N TH EN E, �1850
PRIMARY SECONDARY:�- �',-.tRkY!�ENt� 1490
LAGOON LAGOON DOENZOFURM 13200 FORMER DRAINAGE

'FLL)GRANT-HE!NE'- 14400
-17121-09ENE. 29000

�-M'E1i-IYLNXPHTHALENE 13600 COMPOUND CONCENTRATION
'NAPHTHALENE 5800 GREATER THAN THE PLC/APLC

PHASE I RI 1993 PHENANTHRENE 32000
'PYREACETONE 68 NE- 1 8000

AROCLOR-1248 150 200 0 200 400 600
AROCLOR- 1 254 180

i:ADMjUM'- 29 mg/kg
USWFS 1988 SCALE IN FEET

AROCIOf�--�1254:] 560
TIME

SITE 36
SUMMARY OF ANALYTICAL RESULTS

NOTES: Chicago, Illinois1. CONCENTRATIONS ARE IN /.tg/kg, EXCEPT AS NOTED.
2. INFORMATION ON USFWS SAMPLES FROM WADE, (1988). CLOU/PRWECT DRAWN TPK DATE 12-23-93 JOB NO. 923-8108
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A. Response to Comments by USEPA dated October 18, 1993 on Draft Phase I
Remedial Investigation Rel2ort

Comment 1: A list of the acronyms should be considered in the final report to assist in
the readability of the report.

Response 1: A list of acronyms will be prepared and presented in the revised Phase I
RI report.

Comment 2: Listing the site names along with the identifier would be beneficial to the
reader in all section headings.

Response 2: Site names will be included in ail relevant section headings.

Comment 3: Executive Summary, page i. The executive summary indicates that the
Phase I RI included 16 sites. Page 1 of the Introduction indicates that 19
sites were evaluated as part of the Phase I RI. It is suggested that the
executive summary be revised so that the number of sites evaluated are
clearly identified.

Response 3: The difference between 16 sites and 19 sites is the following 3 sites for
which no Misc AOU RI activities are required by the FFA: Sites 13,18 and
34. This will be clarified in the revised Phase-I RI Report.

Comment 4: Section 1.1., page 3, ist paragraph. The acronym for Fish and Wildlife
Service, "FWS" should be spelled out since it has not been previously
introduced.

Response 4: The text will be revised accordingly.

Comment 5: Section 1.4, page 4. The site background does not include the date at
which the site originally began operating as the Illinois Ordnance Plant.

Response 5: According to USFWS personnel, the Illinois Ordnance Plant began
operation in June of 1942. This information will be incorporated into the
Revised Phase-I RI Report.

Comment 6: Section 1.6, page 6. A brief. summary of the conclusions of the previous
site investigations (Ruelle (1983), and Illinois DFH (1987) ) is recommenced.

Response 6: The revised submittal will include a brief summary of the investigations
and pertinent findings.
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Comment 7: Agreed. Sections 1.6.1 and 1.6.2, pages 6 & 7. D Area and P Area should
be introduced/identified in Section 1.6 and their significance stated. Since
each site within D Area and P Area are also listed individually, we do not
see the significance of listing D Area and P Area separately.

Response 7: The following will be added as the last paragraph of Section 1.6: Eleven
of the Misc AOU sites (Table 1) are within three designated industrial areas
(D Area, P Area and Area 14) that were established when the Refuge
facility was operated as the Illinois Ordinance Plant. Site histories are
presented below using, where appropriate, the area designations. The
remaining sites (Sites 16, 18, 21, 22A, 24, 25, 26, 27, 34, 35 and 36) are then
discussed in numerical order.

Comment 8: Section 1.6, pages 6 though 12. The sites listed but not included in the
Phase I RI should be so identified. Currently, some sites are identified as
not being included in the RI while others are not.

Response 8: Following the paragraph described in response to comment no. '11, the
following additional paragraph will be added: Of the 23 sites that are part
of Misc AOU, the RI included (as described in the Project Work Plans)
preliminary site visits at 3 sites (Sites 21, 27 and 35) and collection and
analysis of samples at 12 sites (Sites 7, 7A, 8, 9, 10, 11, 11A, 12, 14, 16, 20
and 36). No RI activities were completed or are planned at eight Misc
AOU Sites (13, 18, 24, 25, 26, 30, 31 or 34) because of the following: 1) the
previous RI used Sites 30 and 31 as control sites, as they are known to be
removed from previous and present potential sources of contamination;
2) the previous RI determined that Sites 13, 18, 24, 25 and 26 present no
exposure risk to human health or the environment: 3) the Federal Facilities
agreement stated that Sites 24, 25 and 26 require no additional work -
these sites are outside the Refuge boundary and are not on DOI property;
and 4) Site 34 (Crab Orchard Lake) is currently being monitored and/or
studied by the Illinois Department of Public Health, Illinois State University
and the U.S. Fish and Wildlife Service.

Comment 9: Section 1.6, pages 6 through 12. All sites should be identified as to the
type of site it is (i.e., drainage way, drainage channel, etc.). Also, the
specific area of concern at each of the sites should be identified (i.e., to
store chemicals, manufactured explosives, etc.).

Response 9: The text will be revised to provide the type of site (e.g. Site 7 - Southeast
Drainage Channel) and any identified specific areas of concern (e.g.
segment of the drainage channel adjacent to the D Area Facilities).

Comment 10: Section 1.6.3, page 8. It is unclear if Diagraph Corporation is still using the
site.

Response 10: The revised text will include a statement indicating Diagraph Corporation
is currently operating within Area 14.
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Comment 11: Section 1.6.7, page 10. Include source of aerial photographs so that they
may be used, if necessary, by future users of the report.

Response 11: The appropriate reference (U.S. Department of Agriculture) will be cited
in text and the following will be included in the reference section of the
report: U.S. Department of Agriculture, 1960. Aerial photos taken May
1, 1960.

Comment 12: Section 1.6.12, page 12. Identify which organizations are continuing to
monitor the lake and wildlife populations.

Response 12: The following will be added to the report: According to the USFWS, Crab
Orchard Lake is currently being studied and/or monitored by the Illinois
Department of Public Health, Southern Illinois University and the Fish and
Wildlife Service. Effluent from the waste water treatment plant, which
ultimately discharges to the lake, is monitored by the IEPA.

Comment 13: Section 2.2.2.1, page 17. Selection of bulbs for photoionization detector
(PID) is inconsistent. Review of Table 3 indicates several different eV bulbs
were used on different samples. A rationale for selection should be
included.

Response 13: The rationale for bulb selection will be described in the text as follows.
The SAP specified the use of a PID equipped with an 11.4 eV lamp for the
purposes of conducting headspace screening of grab samples obtained at
Sites 11A, 12,14,16, and 22A.

The results of this field measurement were used to determine grab sample
locations the discrete VOC sample was to be obtained. The first PID for
Phase I failed to operate by battery supply. A replacement PID was
requested and in the interim, an 11.7 eV PID was made available to the
sampling crew by the USEPA oversight. The inoperable PID was replaced
by a P16 with a 1'L8 eV lamp, as an instrument with an 11.4 eV lamp was
unavailable. An additional 10.0 eV PID was obtained as backup. It was
observed in the field that the 10.0 eV PID was more sensitive to organic
vapors than the higher 11.7 and 11.8 eV PlDs. Therefore, it was decided
by the field team that both the 10.0 eV lamp and a higher eV lamp (11.7
or 11.8 eV lamp, depending on availability) be used, whenever possible, for
headspace screening purposes. The PID substitutions are documented in
the Daily Quality Control R eports and the QCSR.

Comment 14: Section 2.2.2.1, page 17. Sampling procedures indicate that "once the
sample material had been retrieved, the liner containing the soil sample
was removed from the core sample and soil from the sample location was
added to the ends of the sample liner, if necessary, to minimize
headspace." How was this done and what procedures were followed to
ensure that no cross contamination or inadvertent contamination
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occurred? Was a plastic liner used (as was the case for the sludge sample)
to collect the additional sample volume?

Response 14: A stainless steel liner was used for every sample that was collected using
the sampling device. Samples were sent to the laboratory in their sample
liner. Typically, no additional material was required to fill void space and
seal the ends of the sample liner. Where there was void space, a
decontaminated stainless steel spoon and/or spatula was used to retrieve
additional material from the sample location and fill the end of the sample
liner.

Comment 15: Section 2.2.2.1, page 17. Samples were placed in a cooler and stored in the
presence of "wet' ice. What is "wet" ice? Other samples were identified
as being placed on ice. Is there a significance for the "weV' ice? Also in
Section 2.2.3 - Sample shipment, samples were identified as being
preserved during shipment using "regular" ice.

Response 15: 'Wet" ice, "regular" ice and ice are synonymous and refer to commercially
produced ice available from many retail stores, in contrast to "dry" ice. In
the revised text, "ice" will be used.

Comment 16: Section 2.2.12, page 18. Specify whether or not the sediment samples were
saturated at the time of sample collection and whether or not the liquids
were decanted. Include same information for sludge samples.

Response 16: The text will be revised to include a statement that sediment samples were
saturated at the time of collection and that no decanting of liquids was
undertaken.

Comment 17: Section 2.2.3, page 19. PACE Laboratories has several laboratories
throughout the United States. The location of the laboratory(ies) should
be cited since quality and capabilities varies between locations.

Response 17: The PACE Laboratory facility located in Minneapolis, Minnesota will be
specified in the revised text.

Comment 18: Section 2.4.1, page 20,2nd sentence. Delete this sentence since ARARs are
not defined for the site. Also this creates confusion with other sections of
the chapter since selection of methods in comparison to ARARs is not
addressed.

Response 18: Your comment will be addressed by deleting the sentence.

Comment 19: Section 3.1, page 22. A short discussion on wind velocity and direction
should be included in this section, especially since air is later addressed as
a potential pathway of concern.
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Response 19: Information obtained from the National Atmospheric and Oceanographic
Agency pertaining to wind velocity and direction will be cited.

Comment 20: Section 3.4, page 23. We recommend separating "soils" from "geology"
since soil scientists and geologists use different terminologies and
methodologies. In addition, separating into two sections would be
consistent with most RI reports.

Response 20: A separate subsection will be created to provide clarity.

Comment 21: Section 3.5, page 25. Should the table be identified with a table number
and title? If so, then the tables on pages 34, 38 39, 41, 42 and 43 should
also be identified.

Response 21: Tables found within the main body of the text will be titled; the tables will
not be numbered as they are part of the text and to avoid confusion with
the numbered tables presented after the text.

Comment 22: Section 3.6, pages 26 and 27.

a) First bullet - There is no mention of which areas investigated are
summarized in this paragraph. Also please include which
stratigraphic unit groundwater is found in (e.g., till, outwash).

b) Third bullet - There is no mention of which area the paragraph
refers to. It is unclear if this is regional or site-specific data.

C) Fourth bullet - There is no mention of which study area the
paragraph refers to. Also "this unit" is not defined.

Response 212: a) In the first bullet, the text will be revised to clarify which areas
apply to what information and will identify the stratigraphic unit
in which groundwater is found.

b) The text will be revised to clarify which area the information
pertains to.

C) It will be made clear in the revised text as to which area the
information applies and the "unit" will be defined.

Comment 23: Section 3.7, page 27. Mention the source of water for the City of Herrin
(e.g., reservoir or groundwater).

Response 23: The City of Herrin obtains its water supply from Rend Lake. This will be
stated in the revised text.
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Comment 24: Section 4.0, page 29. Cite methods used to validate the data (e.g., EPA
National Functional Guidelines).

Response 24: Methods used to validate the data will be cited in the revised report.

Comment 25: Section 5.2.1, page 31. New LUST cleanup objectives will become law on
approximately September 13,1993. Since the 1991 objectives will no longer
be applicable, will the new objectives now apply to the BETX and PNA
levels for the sites within this RI investigation?

Response 25: The new LUST law (Public Act 88-496) does not have soil cleanup
objectives and, therefore, it is not necessary to modify the PLC levels.

Also, please understand that the report does not intend to imply that the
Misc AOU sites are subject to the LUST regulations or that releases of
BTEX or PNAs must be remediated in a manner consistent with the LUST
cleanup objectives. The LUST cleanup objectives were used as PLCs for
general screening purposes only and because they are readily available
and conservative. The LUST requirements would, indeed, be pertinent if
they become ARARs.

Comment 26: Section 5.2.1, page 32. PLC for VOCs cannot be NOAEL values because
NOAEL values are doses and not concentrations.

Response 26: NOAEL values will not be considered candidate PLCs; reference to the
NOAEL values will be removed from the PLC discussion.

Comment 27: Section 5.2.1, page 32. Why were ambient water quality criteria used to
determine soil criteria? Could be estimated by using partitioning
coefficients, but cannot be applied directly.

Response 27: Ambient Water Quality Standards (AWQS) were considered as candidate
PLCs because sediments were sampled that are in direct contact with
aquatic wildlife. These values will be overly conservative; therefore, their
reference will be stricken from the report.

Comment 28: Section 5.2.1, page 32. It needs to be recognized that the residential
exposure scenario approach only factors in direct contact with the media
and for many compounds (e.g., VOCs and SVOCs) the much more
important route is the migration to groundwater pathway. Therefore, this
approach will grossly underestimate the potential risk levels at the site and
will not present an appropriate screening for the levels of concern.

Response 28: In the Phase-I RI Report, the residential exposure scenario is not being
used to evaluate risk levels but to provide candidate PLC values for
soils/sediments - the sampled media. FLCs are essentially vehicles to
determine which sites will need additional remedial activities. Of the three
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exposure scenarios (residential, recreational and industrial), the residential
exposure scenario results in the most conservative values and was, thus,
the most appropriate to use.

At sites where the compounds of concern have a propensity to partition
into the groundwater, Phase II groundwater investigations will be
planned. If during the RI it is determined that groundwater has been
impacted at a particular site, groundwater at that site will be assessed
relative to appropriate criterion (e.g. MCLs) and groundwater exposure
scenarios will be evaluated in the risk assessment.

Comment 29: Section 5.2, page 34, Table. The detection limit for acetone should be 21
not 210 u&/kg. All sample concentrations on the table are not from the
reference sample (COSE1002). Please check ail tables for sample reference
adequacy.

Response 29: The table will be revised to indicate that the correct results are for analysis
of sample COSE1001 (SVOCs, pesticides and PCBs, explosives and TAL)
and sample COSE1002 (VOCs).

Comment 30: Section 6.1, page 45. Section 6.1 indicates that sites where PLCs are
exceeded for only TAL metalswhich have been identified by background
data to occur naturally in soils and are not considered to be of concern,
and are not being addressed. This is somewhat of a contradiction and
should be clarified. In addition, we question the validity that TAL metals
above PLCs and background levels should be eliminated before a
contaminant fate and transport is completed for these compounds.

Response 30: PI-Cs in the Draft RI Report are based on the 95% upper confidence level
of the background samples (mean plus two times the standard deviation).
We could have based the PLC level on the upper limit of the background
range but we feel the 95% upper confidence levels is more conservative
and appropriate for PI-Cs.

In regards to the last questions of the comment; parameters that were
detected are being evaluated for the potential risk to the local ecology as
part of the Preliminary Ecological Assessment. A site that fails the
conservative PLC screening or is identified as a potential risk in the
Preliminary Ecological Assessment will be considered for inclusion in
future remedial investigations.

Comment 31: Section 6.2, page 47, last paragraph. Please add a statement on the
discharge of contaminated groundwater to surface water.

Response 31: Adding a statement on the discharge of contaminated groundwater is not
appropriate in the Phase-I Report because the potential pathways are
established based on the results of previous and Phase I results and
groundwater has not been sampled and analyzed at any of the sites
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included in the Phase4 RI. If the results of Phase-11 groundwater sample
analysis indicate that groundwater has been adversely impacted, discharge
of contaminated groundwater will be considered a pathway.

Comment 32: Section 6.4.1, page 51, last paragraph. Incorporate depth to groundwater
in the discussion since hydrogeology for this area was previously
investigated.

Response 32: Investigations completed at Site 17 (located approximately one mile
northwest) and at the COC area (located approximately 1�i miles
southwest) are the nearest groundwater investigations to Site 10. The
information from these investigations is not specific to Site 10 and to
include it would make the contents of the discussion of each site in the
report inconsistent. We suggest that the results of nearby groundwater
investigations be presented in the Phase II work plans for sites where
Phase 11 investigations are planned.

Comment 33: Section 7.0 General Comment. The term "several" is used to describe
resampling recommendations. The number of samples should be defined
if appropriate for the scope of the project.

Response 33: Phase 11 remedial investigative activities, including specific sampling
recommendations, will be described in Phase 11 RI Work Plans.

Comment 34: Section 7.2.1, page 56. Recommendation is to collect upstream samples and
analyze for TCL SVOCs. Include discussion of upstream samples collected
at area 9 which were analyzed for TCL SVOCs and is upstream of this
area.

Response 34: The revised text will include in the Site 10 section (Section 6.4.1 and/or
Section 7.2.1) a discussion on the relevance of the SVOC results of the Site
9 sample.

Comment 35: Table 12, page 4 of 5. The Aldrin detect in samples COSE3601 and
COSE3609 is below the method detection limit. We recommend that this
data be "J" coded.

Response 35: Table 12 and Section 5.2.14.1 will be revised accordingly.

Comment 36: Throughout the document, the report refers to analyzing various samples
for Target Compounds List (TCL) and Target Analyte List (TAL) inorganic
parameters. The TAL does not include cyanide. The statements relating
to the analytical program should therefore be revised appropriately to state
that the samples are analyzed for TCL, TAL and cyanide.
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Response 36: USEPA Contract Laboratory Program Statement of Work for Inorganic
Analysis (document numbers ILM 01.0 and ILM 03.0) do include cyanide
in the Inorganic Target Analyte List (TAL) (Table C-1).

Comment 37: In accordance with the procedures in the USEPA Functional Guidelines,
data should be qualified as undetected for sample results either less than
10 times the value of the common laboratory contaminants (methylene
chloride, acetone, 2-butanone, and toluene) detected in the associated
blank sample or less than 5 times the value detected in the associated
blank sample for any other contaminating compound. Please make these
revisions to the last paragraph of Section 4.0 (page 29).

Response 37: In the revised report, the following sentence will replace the last sentence
of the last paragraph of Section 4.0: The data was qualified as not
detected ("U') if the analytical results were either less than 10 times the
value of the common laboratory contaminants (see the attached QCSR for
the laboratory contaminants) detected in the associated blank sample or
less than 5 times the value detected in the associated blank sample for any
other contaminating compound.

Comment 38: When the measured concentration of the sample is less than the
instrument detection limit (IDL), it should be reported as not detected.
When the measured concentration of the sample is above the IDL but less
than the method detection limit (MDL), the result should be estimated and
the value qualified with a "J". Please make these revisions to the last
paragraph of Section 4.0 (page 29).

Response 38: The revised submittal will replace the second sentence of the last
paragraph on page 29 with the following: When the measured
concentration of the sample is below the instrument detection limit (IDL),
it is reported as not detected ("ND"). When the measured concentration
of the sample is above the IDL, but lower than the method detection limit
(MDL), the concentration is estimated and qualified with a "J".
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B. ReslRonse to Comments by USEPA dated October 18, 1993 on Preliminary
Ecological Risk Assessment

GENERAL COMMENTS

Comment 1: The report often refers to bioaccumulation potential of various
contaminants. Bioaccumulation potential alone is not adequate to describe
the ecotoxicology of contaminants. In addition, it can be mistaken for
various other ecotoxicological properties of a contaminant, such as
biomagnification. Finally, BCFs are generally not accurate for predicting
contaminant accumulation by aquatic organisms, and BCFs do not address
contaminant uptake by terrestrial organisms. For these reasons, provide
the definition of BCF and discuss its usefulness and implications for
ecological risk assessment.

Response 1: Bioaccumulation potential has not been used at any stage of this study to
describe ecotoxicology effects of contaminants on receptor organisms.
Rather, we have used bioaccumulation to assist in quantifying exposure
concentrations for food pathways for terrestrial predators. Specific
references to toxicological responses are based on information reported in
the literature, e.g., the most sensitive dosage value reported from dose-
response tests were selected as an indicator of the ecotoxicologicai response
of terrestrial animals to contaminants (see Section 4.0 for details).

Terminology with respect to bioaccumulation and bioconcentration is
inconsistent in the scientific literature. For example, Sutek (1993) defines
bioconcentration as "the net accumulation of a chemical directly from an
aqueous solution by an aquatic organisms" and bioaccumulation as "net
accumulation by an organism as a result of uptake from all routes of
exposure. Others do not restrict bioconcentration to aquatic organisms,
e.g., Travis and Arms (1988) define the bioconcentration factor (BCF) as the
chemicals concentration in the organism or tissue divided by its
concentration in water (aquatic organisms), food (terrestrial animals), or
soil (terrestrial plants). This latter definition of BCF is the one used in the
U.S. EPA's SuDerfund Exposure Assessment Manual and is the one
followed in thi; preliminary risk assessment.

The use of published BCFs to estimate exposure concentrations for aquatic
animals and terrestrial plants is a method suggested by the U.S. EPA (1988)
where there are insufficient data to develop site-specific BCFs. There is of
course uncertainty associated with the use of published BCFs, as they vary
depending upon contaminants, site conditions and species. For this
reason, the highest BCF recorded in the literature was used in this study.
In cases where bioaccumulation is a potentially important pathway, the
BCF values need to be confirmed with site-specific data, as is
recommended in the preliminary risk assessment.

The discussion of the use of BCFs has been expanded and clarified in the
final report (Section 3.3.1).
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Comment 2: Prefirnina[y Levels of concern WI-Cs) - On page 31 of the Phase I Remedial
Investigation Report, where PI-Cs are defined, the following should be
clarified: "biological impact exposure levels." Apparently for cadmium and
lead, these levels are taken from a previous Record of Decision. The
ecological benchmark level for cadmium levels in sediment could be as low
as 0.6 mg/kg using the "Lowest Effect Level" of the Ontario Sediment
guidelines as a benchmark (their "Severe Effect Level" is 10 mg/kg). In
light of the above, the ecological assessment should not state that very
conservative PLCs were used to select contaminants of concern. Generally,
contaminants of concern are determined separately from those of human
health. The report must incorporate more conservative ecological
benchmarks.

Response 2: As suggested, specific PLCs have been developed specifically for this
preliminary ecological risk assessment. These PLCs are based on minimum
value from the following criteria:

- CCME (1991): Interim Canadian Environmental Quality Criteria
for Contaminated Sites;
- Ontario Environment (1992): Guidelines for the Protection and
Management of Aquatic Sediment Quality in Ontario.
- IEPA (1991): Leaking Underground Storage Tank Manual;
- NOAA (1991): Potential for Biological Effects of Sediment-Sorbed
Contaminants Tested in the National Status and Trends Program.

In cases where the minimum value is lower than background levels or
where there are no published criteria, the PLC was set to equal the upper
95 % confidence interval value computed from background samples.

Several of these new PLCs are more conservative than the previous ones;
consequently, risk calculations were required for more sites and
constituents.

SPECIFIC COMMENTS

Comment 1: Page 4, Section 2.0

It is stated that the USFWS was contacted for information regarding
special and sensitive ecological resources in the area. Was the State
Natural Heritage database also consulted? If not, it should be reviewed
since the State often has more regionally specific information than the
USFWS.

Response 1: Incorporated suggestions into the revised report.

Comment 2: Page 5, Section 2.1

A brief description of the site geology should be included as another
section under heading (2.1).
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Response 2: Incorporated suggestions into the revised report.

Comment 3: Page 5, Section 2.1.3

Please estimate the percentage of each habitat type occurring on the
Refuge.

Response 3: Incorporated suggestions into the revised report.

Comment 4: Page 6, Section 2.1.3.1

Under "Deciduous Forest", the fourth sentence states that "these mature
stands are generally intolerant species." Please specify the species referred
to under mature stands and to what these species are intolerant of (i.e, wet
soils, shade, etc.). Also, specify the species of oaks that are present in the
bottorniand communities.

Response 4: Incorporated suggestions into the revised report.

Comment 5: Page 7, Section 2.1.3.3

Please estimate size (acreage) and depth of Crab Orchard Lake. Also
estimate the drainage area of the lake, and the types of drainage (i.e.,
agricultural, deciduous forest, etc.) and percent contribution of each
drainage type.

Response 5: Incorporated suggestions into the revised report.

Comment 6: Page 8, Section 2.1.4

It would be helpful to describe the specific reasons for concluding that
none of the study sites warranted concern for the endangered or
threatened species listed. Such a conclusion seems more likely to be
appropriate only after ecological risk from contaminants has been
addressed. Also, what about flora? Are any flora species listed for the
area and were any studies conducted for them? List reasons why studies
were not conducted if they occur at the site and were not separately
considered.

Response 6: Incorporated suggestions into the revised report.

Comment 7: Page 8, Section 2.2

Please define how many sites and community types were evaluated.

Response 7: Incorporated suggestions into the revised report.
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Comment 8: Patte 9, Section 2.2.1

Describe the width of the intermittent stream and likelihood/evidence of
flooding, how far it is to the stream's headwaters and what other habitats
the stream passes through before entering Olin property. Also state if any
aquatic flora were noted growing in or along the stream, and species
observed. Is any water quality or microinvertebrate data available for the
stream? A microinvertebrate study should be conducted since certain
species are more pollution sensitive than others and would give a better
indication as to whether or not the stream is potentially contaminated.
Also, the upland habitats described in paragraph 4 of the first sentence do
not correspond to those listed under Section 2.1.3. Is it old field or
industrial? List in a table, by site vegetation species occurring/expected to
occur in each habitat type. Separate the species according to woody,
grasses, ferns, and wildflowers.

Response 8: Incorporated information on stream characteristics into revised report.

No water quality or invertebrate data are available for the stream. Given
the intermittent nature of the stream, its small size, and soft bottom,
itpoilutant-sensitive" species would not inhabit this stream even if there
were no anthropogenic impacts. (indeed, observations made during the
field reconnaissance noted the presence of "pollutant-sensitive" species
such may chironomids at this site). Thus, the lack of "pollutant-sensitive"
species (e.g., stoneflies, mayflies) may reflect physical habitat rather than
the presence of contaminants, and benthic invertebrate studies that focus
on community structure would not be useful for assessing whether or not
the stream is contaminated.

Comment 9: Page 10, Section 2.2.1

Describe how the bird observations were done, i.e., early morning stations
along a transect, incidental observations, etc. State how the season of
observation may have affected the number and/or type of species
observed. List (in a table) bird species observed for each site and those
that are expected to occur at each site (and the season) but were not
observed (i.e., other likely receptors). Also, describe what factors were
used to determine the common mammal and herpetofauna species listed
for each site. The following mammals are also likely to frequent these
sites: raccoon, red fox, and opossum.

Response 9: As this is a preliminary investigation, detailed field studies were not
carried out at each site so detailed species lists for each site would be
meaningless. Instead, we have complied (in Appendix I) a list of common
animals and plants expected to occur in each habitat type (Section 2.2).
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Comment 10: Page 11, Section 2.2.2, paragraph 1

State width and likelihood or any evidence of flooding of the stream.
Estimate the drainage area and habitats for each ditch/stream. Describe
the species growing along the banks and if any were observed growing in
the stream itself. Conduct microinvertebrate sampling to determine if
pollution sensitive species occur in the stream.

Response 10: Site 7A includes no permanent aquatic habitats. The only intermittent
water body is a ditch that drains into a small intermittent str�arn following
precipitation. Given the intermittent nature of the ditch and stream, their
small sizes, low flows and soft bottoms, poilutant-sensitive species would
not inhabit these features. Indeed, observations made during the field
reconnaissance noted the presence of pollutant-tolerant benthic
invertebrate species such as chrionomids at this site. Thus, the lack of
tipollution-sensitive" species (e.g., stoneflies, mayflies) may simply reflect
physical habitat rather than the presence of contaminants and, benthic
invertebrate studies that focus on community structure would not be
useful for assessing whether or not the stream is contaminated.

As this is a preliminary study, we do not feel that additional time and
expense is warranted in defining drainage areas for these small streams.
Delineation of these areas would require examination of air photos
coupled with a field investigation and would not provide any additional
useful information for this level of environmental assessment

Comment 11: Page 11, Section 2.2.2, varagragh 2

State habitat type, i.e., old field, industrial, etc. Could the low areas be
considered wetlands? If so, wetlands might be considered separately as
a sensitive habitat. Also, list the species of oaks, hickories and pines
observed.

Response 11: The low areas at site 7A are small, ephemeral and probably the result of
excavation during the building of the industrial facility. Hence, we feel
they should not be considered separately as sensitive habitat.

Comment 12: Page 11, Section 2.2.2, varagraph 3

Same comment as #9.

Response 12: See response to Comment #9.

Comment 13: Page 12, Section 2.2.3

Estimate the drainage area, likelihood and/or evidence of flooding and
habitat types for the perennial stream. Conduct microinvertebrate
sampling to determine if pollution sensitive species occur in the stream.
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Response 13: See response to comments #8 and #10.

Comment 14: Page 13, Section 2.2.3, RaragraRh 1

Same comment as #9.

Response 14: See response to comment #9.

Comment 15: Page 13, Section 2.2.4

We suggest that the writer estimate the drainage area, likelihood and/or
evidence of flooding for the stream, and conduct a microinvertebrate study
to determine if pollution sensitive species occur in the stream.

Response 15: See response to comments #8 and #10.

Comment 16: Page 13, Section 2.2.4

Please indicate what facility operations occur at Area P.

Response 16: Incorporated suggestions into the revised report.

Comment 17: Page 14, Section 2.2.4, Raragraj2h 4

Same comment as #9.

Response 17: See response to comment #9.

Comment 18: Page 15, Section 2.2.5

Please note the location of the beaver pond on Figure 4.

Response 18: Incorporated suggestions into the revised report.

Comment 19: Page 15, Section 2.2.5

Same comments as #9 and #15. Also it would be helpful to list the flora
species observed along the strearnbed.

Response 19: See response to comment #9 and #15.

Comment 20: Paze 16, Section 2.2.6

Same comments as #9 and #15.
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Response 20: See response to comment #9 and #15.

Comment 21: Page 17, Section 2.2.6, garagraRh 1

Please list the species of oaks, maples and hickories observed.

Response 21: Incorporated suggestions into the revised report.

Comment 22: Page 17, Section 2.2.7

Same comments as #9, #15 and #20.

Response 22: See response to comment #9 and #15.

Comment 23: Page 18, Section 2.2.8

Please indicate what facility operations occur at Area 14. Describe, if
known, what was stored in the above ground tank.

Response 23: Incorporated suggestions into the revised report.

Comment 24: Page 19, Section 2.2.8, Raragraph 1

Could the low areas be considered wetlands? If so, they should be
evaluated separately as a potentially sensitive habitat.

Response 24: The low areas contained hydrophytes; hence, they fall under the
traditional ecological definition of a wetland (i.e., areas with hydric soils,
hydrophyte and/or periodic inundation). However, these low areas were
created by a man-made impoundment. Hence, if anvthing, the low areas
containing Carex spp. and Cyj2eruis spp. are the result of the man-made
impoundment and should not be classified as natural wetlands or sensitive
habitats.

Comment 25: Page 19, Section 2.2.8

Same comment as #9.

Response 25: See response to comment #9.

Comment 26: Page 20, Section 2.2.9

Same comment as #24.
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Response 26: As with site 12, site 13 was altered by human activities. The area had been
disturbed by previous excavation, building and subsequent demolition.
The low area was likely the result of these activities and the heavy clay
soils, and should not be classified as a natural wetland or sensitive habitat.

Comment 27: Page 21, Section 2.2.9, Raragjaph 3

Same comment at #9.

Response 27: See response to comment #9.

Comment 28: Page 21, Section 2.2.10

Please estimate the drainage area and the likelihood/evidence of flooding
of the drainage system. Also, it would be helpful to list, if known, the
chemicals stored by Diagraph Corporation.

Response 28: No stream is located on this site. Chemicals are listed in Section 2.2.10.

Comment 29: Page 22, Section 2.2.10, lzaragragh 2

Was a sample taken of the black anoxic sediments to determine the nature
of the contamination? We suggest a microinvertebrate study of the stream
to determine the present/absence of pollution sensitive species. Also,
please state the source of the suspected contamination and whether or not
the source has been eliminated (i.e., a prior spill/release). Describe the
vegetation species growing along the stream banks and compare the
vegetation and species observed in and along the contaminated drainage
ditch to the other drainage ditches evaluated at this site. Does it support
the claim that there are no ecological impacts from the observed
contamination?

Response 29: The field reconnaissance study for the preliminary ecological risk
assessment was conducted after all samples had been collected, so no
sample was taken of the black, anoxic sediments. The solvent/hydrocarbon
smell and presence of other volatiles recorded at the site suggest that the
potentially impacted sediments may be related to storage and/or
manufacturing processes at that site. Phase-11 investigations will evaluate
these sediments.

Comment 30: Page 22, Section 2.2.10, Last Raragraph

Same comment as #9.

Response 30: See response to comment #9.
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Comment 31: Page 23, Section 2.2.11

Describe the industrial operations. Estimate the drainage area and
likelihood and/or evidence of flooding of the stream. Describe the
headwaters of the stream and what habitats the stream passes through
before reaching the industrial park.

Response 31: Incorporated description of industrial operations and stream characteristics
into the revised report. See response to comment 10 for drainage areas.

Comment 32: Page 23, Section 2.2.11, Last garagrAph

Same comment as #20. Also, please describe the streambank vegetation.
A microinvertebrate study to determine the presents/absence of pollution
sensitive species is also suggested.

Response 32: See response to comment #9 and #15.

Comment 33: Page 24, Section 2.2.11, paragragh-2

Same comment as #9.

Response 33: See response to comment #9.

Comment 34: Page 24, Section 2.2.11, paragjaRh 5

If there is a wetland on site, it should be considered separately as a
sensitive habitat.

Response 34: There are no wetlands on the site.

Comment 35: Page 24, Section 2.2.12

Please estimate the drainage area and likelihood and/or evidence of
flooding of the drainage ditches.

Response 35: See response to comment #10, paragraph 2.

Comment 36: Page 25, Section 2.2.12, RaragraRh 2

Please indicate the number of drainage ditches comprising the system and
how many of these were actually observed. We suggest a
microinvertebrate study to determine the presents/absence of pollution
sensitive species.

Response 36: See response to comment #10,
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Comment 37: Page 25, Section 2.2.12, paragraph 3

Please be more specific as to the exact species for oaks, elms, grasses and
legumes.

Response 37: Incorporated suggestions into the revised report.

Comment 38: Page 25, Section 2.2.12, Raragral2h 4

Same comment as #9.

Response 38: See response to comment #9.

Comment 39: Page 26, Section 2.2.13

Please estimate the drainage area and the likelihood and/or evidence of
flooding of the drainage. State, if known, what chemicals were dumped
at the site and what, if anything, is contaminated in the drums presently
stored on the site.

Response 39: See response to comment #10.

Comment 40: Page 26, Section 2.2.13, Last Raragravh

Please state the distance and width evaluated along each drainage system.
We suggest this for all sites that have a drainage ditch or stream. List the
species of oaks near the rubble pile. List the materials observed in the
rubble pile.

Response 40: As this is a preliminary assessment, we did not measure distances and
widths of the drainage systems.

Comment 41: Page 27, Section 2.2.13, paragragh 1

Same comment as #9.

Response, 41: See response to comment #9.

Comment 42: Page 28, Section 2.2.14

Please estimate the drainage area and the likelihood and/or evidence of
flooding of the stream channel. Describe the Pigeon Creek moist soil
waterfowl impoundments in terms of number, size, depth and distance
from the site and Crab Orchard Lake.
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Response 42: See response to comment #10, paragraph 2. Incorporated information on
Pigeon Creek moist soils units into the revised report.

Comment 43: Page 29, Section 2.2.15, paralzragh I

Please give specific species of oaks, hickories and grasses observed.

Response 43: Incorporated suggestions into the revised report.

Comment 44: Page 29, Section 2.2.15, paragragh 2

Same comment as #9.

Response 44: See response to comment #9.

Comment 45: Page 29, Section 2.2.15, RaragraRh 5

Was a sample collected of the soil from the unvegetated areas? If not,
please explain why.

Response 45: See response to comment #29.

Comment 46: Page 31, Section 2.2.18, 1!aragraRh 4

"No aquatic organisms were observed in the upper reaches of the creek."
Please explain the reason for the lack of organisms observed, i.e., whether
it is from site contamination, chlorination, etc. Also, describe the
headwaters, drainages and estimate the drainage area for Dove Creek.

Response 46: Incorporated suggestions into the revised report.

Comment 47: Page 32, Section 2.2.18, Raragraph 2

Same comment as #9.

Response 47: See response to comment #9.

Comment 48: Page 33, Section 2.3

Although beryllium was detected at concentrations only slightly above the
PLC, beryllium was detected at several sites above the PLC and therefore
should be included as a constituent of concern for Sites 7, 8, 9, and 11
because of the number of times it was detected above the PLC.
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Response 48: The revised PLC for beryllium is 4 m&ikg, (see response to general
comment #2) and all values are well below the PLC.

Comment 49: Page 33, Section 2.3.6

Since the arsenic level exceeded the PLC by more than 25 percent, arsenic
should be included as a constituent of concern for this site.

Response 49: Arsenic exceeded the revised PLC and was included in the revised report
as a constituent of concern for this site.

Comment 50: Page 36, Section 2.3.10

BTEX should also include toluene.

Response 50: Incorporated suggestions into the revised report.

Comment 51: Page 37, Section 2.3.11

On page 24, an oily sheen was observed on water at Site 16. Was a
sample collected from this area? If not, sampling should be conducted to
determine the nature of the observed contamination.

Response 51: The field reconnaissance study was conducted after all samples had been
collected, so no sample was collected from the water where sheen was
noted.

Comment 52: Page 39, Section 2.3.18, paragraph 3

Fugitive dust emissions and volatilization are potential transport
mechanisms due to periodic flooding and resultant sediment deposition
on the adjacent streambanks of Dove Creek. These transport mechanisms
must also be considered for any other constituents of concern detected in
streambeds that are subject to periodic flooding.

Response 52: The streambanks of Dove Creek are grassed and/or forested and fugitive
dust emissions from the site would be negligible relative to transport by
water. Exposure via volatilization is a more probable pathway than fugitive
dust emissions for the volatile organics detected at the site. Exposure from
this pathway has been added.

Comment 53: Page 41, Section 2.3.18, Iaragraph 1

Since the data for pH, redox, temperature, hardness, etc. is not available,
it would be helpful to describe the changes the metal will undergo based
on increasing/decreasing pH, redox, temperature, etc.
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Response 53: Discussion of metals expanded in the revised report.

Comment 54: Paragraph 3

If the lagoons overflow following heavy rainfalls, transport by fugitive dust
emissions and volatilization is possible due to sediment deposition.

Response 54: See response to comment 52.

Comment 55: Page 42, Section 2.4, paragragh 1

Was a sample collected from the bare areas of Site 22A? If not, state why?

Response 55: See response to comment #29.

Comment 56: Paragraph 5

Please discuss why the observations noted in 1988 are not consistent with
the observations made in July 1993.

Response 56: Incorporated suggestions into the revised report.

Comment 57: Page 43, Section 3.1

We suggest including Sites 7, 8, 9 and 11 for additional analysis based on
beryllium and arsenic levels. We also suggest including inhalation
pathways for terrestrial biota for sites along streams and ponds that are
subject to periodic flooding.

Response 57: A member of additional sites and constituents have been added (see final
report). 'inhalation pathway was added to sites where volatile organics
were detected.

Comment 58: Page 44, Section 3.1.3

Please indicate what VOCs were detected.

Response 58: Incorporated suggestions into the revised report.

Comment 59: Page 47, Section 3.2.2

How were the terrestrial target species selected? Numerous mammals and
herpetofauna were listed as potentially occurring at each site. At least one
species from each ecological guild and/or niche, and preferably all
vertebrate species known to occur at the site, should be evaluated since
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chemical toxicities vary widely from species to species. At a minimum,
include coyote or fox, beaver, eastern cottontail rabbit, eastern mole or least
shrew, deer mouse, fox squirrel or gray squirrel, one species of snake,
lizard or turtle. The effect on the smaller animals and burrowing animals
is likely to be greater due to smaller home ranges and preening and
grooming behaviors (for burrowing animals).

Response 59: The suggestion of selecting one species from each ecological niche or all
vertebrate species known to occur at the site is not practical given the
scope of a preliminary screening for an ecological assessment. Indeed, the
USEPA Region V Regional Guidance for Conducting Ecological
Assessments states, "The preliminary screening report should be concise,
with an emphasis on a simple yet meaningful approach. It is not intended
to be a full, detailed predictive ecological risk assessment." Moreover,
although chemical toxicities may vary widely from species to species (as
noted by the U.S. EPA reviewer), there is little published data on wildlife
species'toxicities to the various site contaminants. Therefore, our approach
was to select dominant herbivores and carnivores for each site as our
species of concern and use conservative safety factors when extrapolating
critical toxicity values from the literature. After considering all relevant
exposure routes, including exposure to bioaccumulating contaminants
through consumption of food, water, or incidental consumption of soil and
sediment, we concluded that white-tailed deer, American Robin, and
raccoon were the species with the greatest potential for exposure to on-site
contaminants. In conclusion, we believe our conservative approach to
exposure quantification for the terrestrial organisms provides adequate
screening for all species in the area.

Comment 60: Page 48, Section 3.2.4

Additional bird species should be selected as target organisms since
numerous species were reported to occur at each site. Similar to the
mammals and herpetofauna, each ecological guild and/or niche should be
evaluated even though individual home ranges may be much larger than
a particular site. As such, additional bird species to consider are various
waterfowl (ducks, geese, herons, etc.), raptors (hawks, falcons, etc. due to
the bioconcentration effects of certain chemicals), insectivorous birds, fruit
and seed eating birds. Additionally, special considerations needs to be
made for migrating species, especially for the chemicals which have a high
tendency to bioaccumlate.

Response 60: See response to comment #59.

Comment 61: Page 49, Section 3.3

Can surface waters be sampled to get a direct measurement of chemicals
of concern? Modeling is generally a useful indicator, however, since basic
water quality parameters such as pH, temperature, hardness, etc. are
unknown, it makes the model assumptions even more uncertain.
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Response 61: As recommended in Section 6., surface water samples will be collected at
some sites during Phase-11 to confirm the low constituent concentrations
predicted here. Modelling was not meant to take the place of data
collection, but was used here to provide conservative estimates of surface
water concentrations where such data were lacking.

Comment 62: Page 51, Section 3.3.2

We suggest a re-evaluation not including inhalation as a potential pathway
in light of sediment deposition from flooding.

Response 62: We assume that the comment should read ".. a re-evaluation, including
inhalation..". Inhalation has been added as a pathway for all sites where
volatile organics were detected. As noted in response to comment 52, we
do not feel that fugitive dust emissions is an important pathway relative
to potential exposures derived from other routes.

Comment 63: Paize 52, Section 3.3.2

Does the ingestion pathway include contaminated soil that may be
ingested due to preening and grooming behaviors? If not, revise so that
it is included. Additionally, state references for deriving ingestion rates for
each species and how fractions of soil, water, plant and animal were
derived. Also, list reference for body weight for each species of concern.

Response 63: Yes, preening and grooming behavior is included. This is clarified in
Appendix 111.

Comment 64: Page 55, Section 4.2

The USFWS has published studies on the toxicity of various chemicals on
wildlife. these studies are part of the "Contaminant Hazard Reviews" and
available from the Patuxent Wildlife Research Center. These reviews
should be used to supplement the RTECS information as it may be more
species specific for wildlife. Additionally, explain how a safety factor of "5"
was derived. Is it adequate for all species? Likewise, explain the rationale
behind using correction factors of 5 and 10 when extrapolating to NOAEL
from chronic and acute toxicity tests.

Response 64: Incorporated suggestions into the revised report.

Comment 65: Page 55, Section 4.3

Refer to the USFWS documents mentioned above (comment 64) for
additional references for vegetation toxicity.
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Response 65: As mentioned in Section 4.3, there is little available information on the
effect of soil contamination on plant toxicity for the constituents identified
here. The USFWS documents focus on effects on fish, wildlife and
invertebrates and provide little toxicological information that pertain to
plants. Thus, in the absence of specific information and given the
preliminary nature of this study, we assumed that terrestial plants would
be protected if aquatic organisms were protected.

Comment 66: Page 57, Section 5.0

For clarification, please redefine each equation component.

Response 66: Clarified discussion in revised report.

Comment 67: Is there any separation for carcinogenic versus noncarcinogenic
compounds?

Response 67: Clarified discussion in revised report.

Comment 68: Page 58, Section 5.1, paragraRh 2

Was the highest detected concentration of a chemical at a site used or was
some average or median value used?

Response 68: Clarified discussion in revised report.

Comment 69: Page 62, Section 6.1

Additional water quality data and microinvertebrate studies would be of
great use in substantiating the claim that there are no adverse
environmental impacts for these sites to confirm the low levels predicted
here.

Response 69: As noted in response to previous comments (e.g., 10, 13), we do not feel
that benthic invertebrate studies would provide evidence of contaminants
at these sites. We have added recommendations to collect water quality
samples at appropriate sites to confirm the low levels predicted here.

Comment 70: Page 63, Section 6.2

Include a microinvertebrate study to determine the presence/absence of
pollution sensitive species.

Response 70: See response to comment 69. As recommended in the report, we feel that
toxicity tests plus tissue analysis would provide more useful information
on exposure and effects than community structure analysis.
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Comment 71: Page 63, Section 6.3

State the results of the computed ERI for each target species. Explain why
an ERI was not computed for the raccoon (a listed target species). Discuss
the results of the computed ERIs for each target species and how they
compare to acceptable levels. Compute ERIs for other target species (listed
above) to ensure that the conclusions are correct for all species occurring
at the site.

Response 71: Raccoons were not selected as a receptor for site 11A, as noted in section
3.2.1 and 3.2.3. Discussion has been expanded in revised report.

Comment 72: Page 64, Section 6.4

Was a sample collected of the black anoxic sediments observed in a
drainage ditch at this site? A sample is needed to confirm that aquatic life
is not affected in this ditch. Additionally, were the potential carcinogenic
effects of some VOCs considered separately as an adverse toxic affect? A
separate discussion of carcinogenic effects should be included. Also
discuss possible impacts to animals that are in direct contact with stream
sediments (i.e., raccoon, beaver, etc.) and may ingest the contaminated
sediments.

Response 72: See response to comment 29. Carcinogenic effects were not considered
separately. As noted in Section 4.0, critical toxicity values were based on
NOAEL computed from all toxicity data (acute and chronic) reported in
the databases that were screened. This is consistent with the conservative
approach followed in this study.

Comment 73: Page 64, Section 6.5

Please state h--,.-., the conclusion that the consumption of tainted prey was
determined to be the chief pathway of concern. What about direct
ingestion of contaminated soil as a result of grooming and preening
behaviors? ERIs should be computed for all target species known to occur
at the site. Additionally, discuss in greater detail the toxic effects of dioxins
and furans to wildlife and why even small amounts of these chemicals can
be devastating to wildlife. Also include a separate discussion for
carcinogenic effects for PAHs.

Response 73: The conclusion concerning'the consumption of tainted prey has been
clarified as has direct ingestion via other routes. See response to comment
59 concerning other species. The focus of Section 6 is recommendations
for future work. We do not feel that additional discussion on dioxins and
PAHs are relevant here.
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Comment 74: Page 64, Section 6.6

Please state and discuss the results of the computed ERIs for each target
species. We suggest focusing on the degree and severity of the risk to
wildlife at this site (i.e., immediate danger, highly susceptible populations,
etc.). Include a discussion of carcinogenic effects. Be specific as to the
sampling strategy (i.e., locations of samples, additional studies, probable
analytes, etc).

Response 74: Incorporated suggestion into revised report.

Comment 75: Table 2

We suggest including all species (including vegetation and aquatic life) of
concern such as rare, Federal Category 2, etc.

Response 75: Incorporated suggestion into revised report.

Comment 76: Table 12

Arsenic and Beryllium should also be included.

Response 76: Incorporated suggestion into revised report.

Comment 77: Table 13

Channel catfish is listed as a potential receptor but no ERI values were
ever calculated. List all potential receptors or have more general categories
in this table (i.e., burrowing mammals, predatory birds, etc.).

Response 77: Incorporated suggestion into revised report.

Comment 78: Table 15

Show the equation of how the CTV was derived and the references on
which it is based.

Response 78: Incorporated suggestion into revised report.

Comment 79: Table 16

Same comment as #81.

Response 79: Incorporated suggestion into revised report.
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Comment 80: Table 17

Same comment as #81.

Response 80: Incorporated suggestion into revised report.

Comment 81: Table 18

Show the equations of the individual ERIs and how they were derived.

Response 81: Incorporated suggestion into revised report.

Comment 82: Table 19

Same comment as #81.

Response 82: Incorporated suggestion into revised report.

Comment 83: Table 20

Same comment as #81.

Response 83: Incorporated suggestion into revised report.

Comment 84: Table 21

Same comment as #81.

Response 84: Incorporated suggestion into revised report.

Comment 85: Table 22

Same comment as #81.

Response 85: Incorporated suggestion into revised report.

Comment 86: Aggendix H

The TEQs for site 22A were not referenced. Please reference.

Response 86: Incorporated suggestion into revised report.
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Comment 87: ARRendix 11

White-Tailed Deer (Site 10) - Water Ingestion Rate should be increased
because site vegetation is not all succulent. To be consistent with the
conservative approach taken throughout the document, an intake of 3.5
liters/day is more appropriate. Additionally, water intake may vary with
seasons. Also, describe the method used to estimate the soil ingestion rate.

Response 87: Incorporated suggestion into revised report.

Comment 88: Apgendix II

Raccoon (Site 10) - Change water ingestion rate to liters/day. Also, for soil
ingestion rate, must also consider grooming and food washing behaviors
which may increase this assumption.

Response 88: Incorporated suggestion into revised report.

Comment 89: ApRendix 11

White-Tailed Deer (Site 11A) - Compare the site habitat to surrounding
habitats to determine which areas the deer are more likely to frequent.
Revise water intake per comment #87. Also, rainfall data should be
referenced to determine the average number of days with a measurable
rainfall. This also applies for the American Robin.

Response 89: Incorporated suggestion into revised report.

Comment 90: ARRendix II

White-Tailed Deer (Site 14) - Compare the site habitat to surrounding
habitats to determine which areas the deer are more likely to frequent.
Revise water intake per comment #87. State the reasoning behind
assuming the fraction of water derived from the site is 50 percent.

Response 90: Incorporated suggestion into revised report.

Comment 91: AgRendix II

American Robin (Site 14) --Please clarify whether site residency is 120 or
150 days.

Response 91: Incorporated suggestion into revised report.
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Comment 92: Appendix 11

White-Tailed Deer (Site 22A) -- Same as comment #90.

Response 92: Incorporated suggestion into revised report.

Comment 93: Appendix II

American Robin (site 22A) -- Same comment as #91.

Response 93: Incorporated suggestion into revised report.

Comment 94: ARRendix 11

White-Tailed Deer (Site 36) -- Same comment as #90.

Response 94: Incorporated suggestion into revised report.

Comment 95: ApRendix II

Raccoon (Site 36) -- Same comment as #88.

Response 95: Incorporated suggestion into revised report.
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C. Resl!onse to Comments by USEPA dated October 18, 1993 on Quafty Control
SummaKy Report

GENERAL COMMENTS

Comment 1: It is recommended that the various analytical results be provided with the
same labels as requested for sample quantitation limits. Providing data in
this manner would aid in avoiding confusion in reviewing the data. This
would mean that all inorganic results would be provided in mg/kg and all
other results would be in iLg/kg. The recommendation would also conform
to standard reporting conventions as found in other reports of a similar
nature. The current report contains explosives in Table 3 as mg/kg and in
Table C as ILg/kg. Continuity in label use is recommended.

Response 1: Concur. All organic data will be reported in Ag/kg.

Comment 2: The quality control report should also discuss the operations for
instrument calibration, use of internal standards, qualitative identification
of tentatively identified compounds (TICs), ICP serial dilution, and other
areas of system performance and sample result verification. These items
directly effect data quality. If the laboratory instrumentation is not
functioning properly, the results may be invalid even if other quality
control criteria are met.

Response 2: Concur. The text will be revised to incorporate comment suggestions. The
case narratives address any deviations or nonconformances with
instrumentation or system performance. These criteria were reviewed in
accordance with the QAFP and had there been a nonconformance it
would have been mentioned in the text of the QCSR. As per the QAPP,
these data were deemed acceptable for the intended use of the data. As
per the QAPP, TICs were not required for this project. According to EPA
540 G-87-003 Data Ouality Obiectives for Remedial ResRonse Activities
(page B-5), these project data are considered sufficient for the intended use
of the data.

Comment 3: Section 2.3 indicates the RI was conducted to confirm or verify the nature
and extent of contamination at the various on-site locations. Two of these
on-site locations are the Solvent Storage Drainage Ditch and the Industrial
Park Drainage Ditch. Section 2.6 also seems to indicate that HNu or other
PID instrumentation would be used to perform site characterization
through real-time monitoring. The reviewer has interpreted this to mean
that VOC sample field screening was to have been performed on-site. The
FID results shown in Appendix B, Table 3, indicate positive hits or elevated
levels of organic vapors were observed at these two drainage ditch
locations (sample locations COS01401, COS01601, and COS01603).
Samples were not analyzed for volatile organic compounds at these
locations and therefore the on-site sample screening appears to be not as
effective or utilized as possible. It is recommended that these locations be
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sampled to determine the nature and extent of contamination revealed as
probable by the PID field screening measurements.

Response 3: Appendix B, Table 3 indicates headspace measurements were taken on all
grab aliquots, that comprised composite samples as per the SAP. This
method is summarized in Section 2.2.2.1 of the Phase I RI report. As
indicated in Section 2.2.2.1 and in the SAP, field headspace screening of the
5 aliquots was used to determine where the discrete VOC sample would
be obtained from within the composite sample area. Aliquots for
composite samples COS011A01, COS011A02, COS011A03, COS011A04,
COS01201, COS01202, cosbi4ol, COS01601, and COS01603 with the
highest headspace reading lead to the selection of specific locations for the
collection of discrete samples COS011A05, COS011A06, COS011AO7,
COS011AO8, COS01203, COS01204, COS01402, COS01602 and
COS01604, respectively, for VOC analysis. Criterion other than headspace
screening (as per the SAP) were used to select the specific location for the
discrete samples at Sites 7, 7A, 8, 9, 10, 11, 20, 22A and 36 and Sample
COS01404 at Site 14.

Comment 4: The data quality may be satisfactory while the use of the data may need
to be qualified as less than satisfactory. For example, the discussion of
precision in Section 5 indicates that the exceptions are most likely due to
matrix heterogeneity or poor laboratory spiking technique. These results
were determined to not have been impacted by these nonconformances.
If the sample is not properly homogenized prior to removing the aliquot
for sample analysis, the resultant value will not be representative of the
entire sample. Similarly, if the laboratory is having difficulty with spiking
techniques, they may also experience problems with sample surrogate
spiking. Surrogate recovery concerns are also noted in the project
samples, especially with the pesticide analysis.

Response 4: Concur. Samples were homogenized for the seinivolatile and inorganic
parameters in the laboratory prior to preparations for analysis. These
samples were also homogenized in the field prior to submittal to the
laboratory. Inconsistent spiking techniques by the laboratory are likely, as
the associated LCSs results were within acceptance limits. According to
the case narratives and based on conversations with the laboratory
personnel there were no laboratory protocol nonconformances; therefore,
the reviewer was unable to make a definite conclusion as to the source of
this nonconformance. Therefore, these results were re-evaluated and the
text will be changed to reflect appropriate qualifications based on this
further evaluation. The discussion of the pesticide analysis results
evaluation will be expanded to indicate that the reason for surrogate
nonconformances were due to dilutions required to quantitate target
analytes detected in the associated samples.

The discussion of the decision process for data validation will be expanded
to include the following information. For samples that had low surrogate
recovery, the associated sample data were qualified as estimated. For
samples that had high surrogate recovery, the associated non-detect were
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not qualified and detectable results were qualified as estimated and biased
high. For analyses where no surrogates were available (explosives),
MS/MSD and LCS data were evaluated to determine sample specific and
batch QC results. Additionally, a majority of the MS/MSD and surrogate
nonconformances were attributed to high concentrations of target analytes
which required dilutions for quantitation of these detectable quantities
thus resulting in low recovery of spike compounds. If MS/MSD or
surrogate recoveries were above the control limits, nondetect results were
not qualified and positive detects were considered estimated with a
positive bias. The COSL3605MS/MSD recoveries for explosives were below
the acceptance limits criteria (Table 5-2) and the LCS recoveries were
within acceptance limits (Table C-3). The control limits are default limits
and are quite narrow (75-125%). Based on this information the results for
sample COSL3605 will be qualified as estimated for explosives due to the
low recoveries. The remaining samples were not qualified since the
associated LCS were within the acceptance limits.

The project data with associated data qualifiers are presented in
Attachment 1 to this document. These data met the data quality objectives
of this project and, therefore, are considered usable. The text will be
revised to clarify the results of the evaluation and the conclusions.

SPECIFIC COMMENTS

Comment 1: Pages 5-2, 5-3. Sections 5.1.1.5 - 5.1.1.6. These sections indicate the
nonconformances did not impact the data quality for the effected analyses.
It is believed there may be an impact, but it cannot be easily defined on
the basis of the matrix spike duplicate and RPD alone. A statement that
there was not impact at all may be a bit bold.

Response 1: According to USEFA Functional Guidelines (June 1991), "no action is taken
on MS/MSD data alone. However, using informed professional judgement
the data reviewer may use the MS and MSD results in conjunction with
other QC criteria and determine the need for some qualification". The text
will be changed to read as follows: "This nonconformance was attributed
to matrix heterogeniety and elevated concentrations of target analytes;
therefore, positive detectable quantities were qualified as estimated values".
There were no qualifications of noncletect results.

Comment 2: Paize 5-2, Section 5.1.1.5. This section indicates the nonconformance is due
to degradation of the standard. This nonconformance should be identified
as a calibration problem. All related sample results should be qualified
accordingly as estimated U).or unusable (R), as appropriate.

Response 2: This nonconformance is not a calibration error since the calibration
standards were within acceptable limits. The MS standard solution had
degraded; therefore, the MS/MSD result was below the acceptance limit.
The text will be revised to reflect this clarification. The field sample
associated with this MS/MSD were qualified as estimated based on this
nonconformance. The sample results associated with this MS/MSD were

Golder Associates



November 1993 -34- 923-8108.720

qualified as estimated for tetryl due to recovery results that were below
10%.

Comment 3: Pages 5-4, 5-5, Section 5.1.2.1 - 5.1.2.6. These sections indicate that various
sample results are to be considered estimates. It should be made clear in
the text that the results are coded U or Uj) in Table 5-5. It is
recommended that, due to the zero recovery for both pesticide surrogates,
the pesticide sample results for sample COS03604 should be considered
as unusable (R) per the guidance document. Poor surrogate recoveries
may be attributed to laboratory deficiencies in surrogate spiking technique.

Response 3: Concur. The text will be changed to reflect the requested clarification with
regard to the coding of the results in Table 5-5. Sample COS03604 had
high levels of target analytes detected including PCBs which required
dilution to meet quantitation requirements; therefore, the surrogates could
not be recovered. The text will be modified to reflect this clarification.

Comment 4: Page 5-6, Section 5.1-3-6. The use of blank analyte levels is not appropriate.
If the sample result is less than five times the level found in the associates
blank, the sample result can be considered to be nondetected (U). These
values are not to be considered background levels as stated in the report.
The analysis of background samples determines background levels. These
concentrations do effect the way the data is reported. This item should be
addressed in the qualified results provided in this report.

Response 4: The levels detected in the method blank samples were low level (<5 times
the amount found in the samples) and these analytes were not
contaminants of concern; therefore, sample results greater than the
reporting limit for these analytes, but less than five times the amount
found in the blank samples, were qualified as non-detect (U). Any
mention of background levels will be deleted in this section. The text will
be changed to reflect this clarification.

Comment 5: Page 5-6, Section 5.1.4. The section indicates the goal set for completeness
was 90 percent for all QC parameters. The goal set, according to Section
4.2.4, is that 90 percent of all field sample results must meet the QC
criteria. If each parameter were to be considered separately, explosives
would not pass since 8 (as found in Table 5-7, not 9 as listed in 5.1.4) out
of 76 samples, including the QA splits, failed the holding time criteria. The
actual numbers of sample results were not tallied. However, due to the
large numbers of organic compounds required for analysis, the 90 percent
goal has probably been achieved.

Response 5: Concur. Eight samples did miss the advisory holding times required in the
QAPP. It is important to note that the 14 day holding time for sample
extraction is an advisory holding time. None of the samples exceeded the
advisory holding time by more than 2 days. According to the MRD
Laboratory Report (Appendix D to the QCSR), holding times were met for
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all split sample analyses (Item Le. Holding Times). The results of the QA
splits are comparable to the results of the field samples. The comparability
of QA split data results for explosives support the interpretation that
explosive compounds would not degrade significantly two days past the
14 day holding time, considering the samples were properly preserved
(cooled) at the laboratory. Therefore, the results are considered acceptable.
The overall project completeness was achieved when considering split
sample results for explosives. The text will be revised to identify this
clarification.

Comment 6: Page 5-6, Section 5.1.5. Acetone was qualified in sample COSL3603 due to
QA split sample comparison. Section 1.0 states that the QA split samples
were not available and therefore not discussed in this report. It is
recommended that any acetone qualification in this report be based upon
information obtained relative to the laboratory performing the analysis.
There was no other indication that acetone should be considered as
estimated U) at this level in this sample. The qualified results table should
be corrected to reflect this change.

Response 6: Section 1.0 was a typographical error. The text will be changed to reflect
the correction. According to the USEFA Functional Guidelines (June 1990),
the results of the samples were qualified by elevating the limit of detection
when the sample concentration is less than 10 times the blank
concentration. Additionally, in instances where little or no contamination
was present in the associated blanks, qualification was deemed necessary
when variances were identified in other results, such as QA split results.
The text will be modified to reflect this clarification.

Comment 7: Page 5-7, Section 5.1.5. The last paragraph states that "the data are
comparable to the previous sampling round." There should be a
discussion as to how this determination was reached and upon what
information this conclusion was based.

Response 7: Concur. These data are of known and acceptable quality since standard
methods, standard units, and standard calibration criteria were utilized.
Based on this information, these data may be compared to other data
utilizing standard operating protocols. The text will be modified to reflect
this clarification.

(08726652.wpV3rh)
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United States Department of theInterior AMERICA�m

FISH AND NN11,DIAFE SERVICE
Marion Illinois Subofflice(ES)

Rural Route 3. Box:328
REPLYREFER TO,

Marion, Illinois 62959
(6181 997-5491

November 15, 1993

Illinois Environmental Protection Agency
Attn: Crab Orchard Project Manager
Division of Land Pollution Control
Federal Sites Management Unit
Attn: Stephen Nussbaum
2200 Churchill Road
P.O. Box 19276
Springfield, Illinois 62794-9276
Dear Mr. Nussbaum:

Enclosed for your review are four (4) copies of the Draft
Response to Agency Comments for the Phase I Remedial
Investigation Report and Quality Control Summary Report for the
Miscellaneous Areas Operable Unit, Crab Orchard National Wildlife
Refuge (CONWR), Marion, Illinois. The substance of these
comments will be discussed at the November 19, 1993 meeting, here
at the CONWR, at 10:00 am. We hope that you will be able to
attend, especially if you have questions regarding the responses.
If you have any questions, please contact me at (618) 997-5491.

Sincerely,

R. M Sattelberg
Superfund Project Manager
Crab Orchard National Wildlife Refuge

Enclosure

cc: Eugene Liu, USACE w/o enclosure
Nan Gouda, USEPA w/o enclosure
Frank Fischer, USACE w/o enclosure
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(618) 997-5491

November 15, 1993

U.S. Environmental Protection Agency, Region 5
Attn: Nan Gowda (HSRL-6J)
Crab Orchard Project Manager (IN/IL Section)
77 West Jackson Boulevard
Chicago, Illinois 60604

Dear Mr. Gowda:

Enclosed for your review are four (4) copies of the Draft
Response to Agency Comments for the Phase I Remedial
Investigation Report and Quality Control Summary Report for the
Miscellaneous Areas Operable Unit, Crab Orchard National Wildlife
Refuge (CONWR), Marion, Illinois. The substance of these
comments will be discussed at the November 19, 1993 meeting, here
at the CONWR, at 10:00 am. We hope that you will be able to
attend, especially if you have questions regarding the responses.
If you have any questions, please contact me at (618) 997-5491.

sincerely,

A-11 11//

R. M k Sattelberg
Superfund Project Manager
Crab Orchard National Wildlife Refuge

Enclosures

cc: Eugene Liu, USACE w/o enclosure
Steve Nussbaum, IEPA w/o enclosure
Frank Fischer, USACE w/o enclosure



Comments and Revised Responses

Draft Phase-I RI Report
Miscellaneous Areas Operable Unit

Crab Orchard NWR, Marion, Illinois

A. Comments from IEPA dated September 28, 1993, and Responses by Golder

Associates

Comment 1: An objective of the RI must be to identify any and all areas where
hazardous waste exist. This means the samples which are collected from
the soils, sediments, leachate, seeps, ponded liquids and groundwater
should be analyzed per the TCLP test as well as tests for pH, flashpoint
and reactivity in order to determine if they are characteristically hazardous
wastes. In addition, the review of the site history should include
reviewing the processes which generated the wastes at the site in order to
determine if listed hazardous wastes were deposited there. Regulatory
classification of the materials and the wastes at the site is necessary in
order to properly identify the ARARs for any remedial action.

Response 1: In response to the first part of this comment regarding analysis for TCLP;
the objective of Phase I of the RI, as defined in the Scope of Services
prepared by the DOI and USACE and reiterated in the Project Work Plans
approved by the Agencies, is to assess the presence or absence of
contamination at certain sites. At the appropriate time in the RI, some
chemical analyses will be performed to help evaluate remedial alternatives
and to help identify ARARs associated with the disposition of hazardous
waste.

During Phase 1, it was premature to analyze samples for TCLP when the
presence and extent of contamination was not yet determined. During
Phase 11, TCLP analyses will be included in the analytical program f-or S.- es
where hazardous constituents are believed present in concentrations above
levels of concern and the probable remediation technology requires the
analyses, (e.g., the sludges present in the East Pond at the Wastewater
Treatment Facility (Site 36)). This approach conforms with the process
described in the Guidance for Conducting Remedial Investigations and
Feasibility Studies under CERCLA (U.S.EPA, 1988).

The IEPA had a similar comment on the Project Work Plans at the March
1993 project meeting in St. Louis. The IEPA withdrew the comment after
discussion and agreement about the intended procedures for the Misc
AOU RI.

In response to the portion of the comment regarding review of the site
history; the 1987 Remedial Investigation Report (O'Brien and Gere, 1988)
investigated the operational histories for the Phase-I sites. The historical
information was incorporated in the scoping process and Project Work
Plans for the 1993 RI.
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Comment 2: The RI should identify the extent of wastes (hazardous and nonhazardous)
at the site on a scale drawing(s), so that the horizontal and vertical extent
of the contamination is readily discernable.

Response 2: Phase 11 of the RI will be designed to further delineate the extent of
potentially contaminated areas that contain concentrations above level of
concern.

Comment 3: Samples should not be composites. This applies for all samples.

Response 3: Composite samples were used to in Phase 1, and to a lesser extent in Phase
II, to confirm the presence or absence of the compounds of concern. This
use of composite samples for this exact purpose is suggested in the
Guidance for Conducting Remedial Investigations and Feasibility Studies
under CERCLA (U.S.EPA, 1988). This approach is described in the Project
Work Plans approved by the Agencies.

In addition, we feel that if the area in which the composite sample was
collected is smaller than an area in which cleanup activities can be
reasonably implemented it is irrelevant if the sample consists of more than
one aliquot. We feel that a composite sample from a small area is actually
better than a discrete sample because it effectively deals with
heterogeneities of the soil materials and erratic distribution of the chemical
constituents. For these reasons, the analytical results of a composite
sample from a small area (such as a 12-foot square) are more reliable to use
for risk assessment and remedial design.

Where appropriate, Phase-I composite samples will be reevaluated by
collecting discrete samples during Phase 11.

Comment 4: The attached NPIDES guidance may be appropriate for future work
undertaken with respect to the Miscellaneous Operable Unit.

Response 4: Thank you for providing the information.

Comment 5: There appears to be a consistency problem regarding the number of areas
which are part of the Miscellaneous Areas Operable Unit. The number of
areas appears to include Site 22A as previously included in this miscou.
This is not correct. Site 22A is associated with the wood treatment
operations conducted at the Refuge. It is adjacent to the Old Refuge Shop
which is part of the Metals Areas Operable Unit. This was discussed
during the September Project Manager's Meeting. Please revise the
documents such that consistency is maintained.
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Response 5: The FFA includes 22 sites in the Misc AOU: Sites 7, 7A, 8,9, 10, 11, 11A, 12,
13, 14, 18, 16, 20, 21, 24, 25, 26, 27, 30, 31, 34 and 35. The FFA does not
mention the Post Treating Facility (a.ka., Site 22A). Because the site is
included in the Scope of Services for the Misc AOU provided to
Montgomery Watson/Golder Associates by the USACE/DOI, it is included
in the Misc AOU RI. Golder Associates assigned it site number 22A, with
the prior approval of DOI, during preparation of the project Work Plans.

The FFA requires, in addition, investigations of the wastewater treatment
plant and stream sediment downstream of the plant in Dove Creek and
Pigeon Creek as part of the Misc AOU, but recognizes that the areas are
not formally part of the Misc AOU. The site number 36 was assigned to
the wastewater treatment plant and downstream areas by Golder
Associates, with the prior approval of DOI.

In the revised Phase-I RI Report, we will clearly indicate which sites are
included in the Misc AOU.

As provided in the FFA, the DOI will provide a letter to the appropriate
Parties of the FFA requesting that Sites 22A and 36 be formally included
in the Misc AOU.

Comment 6: References to sample concentrations in the text should also include the
depth and sample numbers for the concentration being discussed.

Response 6: Depth and sample numbers will be incorporated into the revised text
where concentrations are referenced.

Comment 7: The document does not appear to recognize the fact that samples were
composites. Being such, there remains the possibility that one of the five
samples used for the composite may contain five times the detected
concentration of the compound which was reported. The report should
be revised to incorporate this possibility and recommendations of
additional work may need to be modified. In addition, composite samples
should not be used in the baseline risk assessment, unless acute effects
have been evaluated based on the potential of one of the five samples
used for the composite sample containing five times the concentration of
the constituent or the detection limit.

Response 7: Additional discussion will be added to the text to address the possible
dilution associated with composite samples. Please note that discrete
samples were, however, collected for all VOC analyses and for analysis of
all parameters for samples collected from the ponds and the lagoon at Site
36.

For the composite samples, there is the possibility that one of the aliquots
contains more that the other four aliquots; the worst-case scenario is that
for a reported parameter one aliquot contains five times the detected
concentration and four aliquots contained no detectable amount of the
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reported parameter. This scenario is applicable to the TCL sernivolatile
organic compounds (SVOC), PCBs and pesticides, explosives, dioxin and
furans, and cyanide because they, typically, are not naturally present in
soils. A likely scenario for metals is discussed below.

We have reviewed the analytical results for the organic compounds of
Phase-I composite samples using the assumption that concentrations of
applicable organics (e.g. SVOCs, PCBs and pesticides, explosives, and
dioxins and furans) and cyanide were diluted five-fold, and whether
concentrations - after adjusting for such a dilution - would exceed PLCs.
Based on our review, we determined that Site 16 contains PCB compounds
that could theoretically exceed the PLC adopted for the Phase-I RI. At Site
16,detected concentrations of Aroclor 1254 and Aroclor 1260 were 103 ug/kg
and 61 ug/kg, respectively, in Sample COS01603 which was collected along
the drainage ditch. Five times the detected total PCB concentration is 820
ug/kg, which exceeds the PLC for total PCBs of 500 ug/kg. Based on this
approach to assessing the analytical results, and the results of the
Preliminary Ecological Assessment, Phase 11 activities in the drainage ditch
at Site 16 are warranted; specific activities will be described in the Phase-11
Work Plan.

In reviewing the results using the five-fold dilution assumption, no other
composite samples exceeded the PLCs for SVOCs, pesticides and PCBs,
explosives, dioxins and furans, or cyanide.

Evaluating the potential dilution of metals requires a different approach
because metals are naturally present in soils. Typically, soils within the
Refuge area will contain metal concentrations that are within the range of
the background samples. Each aliquot of a composite sample would,
therefore, contain metals and the reported concentration of the composite
sample would essentially be the mean concentration of the five aliquots.

We have reassessed the metals analyses assuming that four aliquots each
have a concentration at the lower end of the range for background, with
the fifth aliquot containing an amount equai io five times the totai
reported concentration less the sum of the four lean aliquots. Note that
cadmium was reassessed based on a revised PLC value of 0.83 mg(kg
(background mean plus two times the standard deviation) in response to
a USEPA comment on the Site 22A Work Plan.

As a result of reassessing the Phase-I TAL metal analyses using the dilution
scenario identified above, beryllium, cadmium, and thallium exceed PLC
values in all composite samples in which the respective metal was
detected, and arsenic exceeds the PLC in 27 of the 35 composite samples
that were analyzed. The assessment using the dilution scenario indicates
that there are 59 more PLC exceedances for these four metals than
identified in the Draft Phase-I RI Report. For each of the four metals, the
total number of PLC exceedances using the reassessment procedure
relative to the Draft RI Report procedures, is as follows:
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arsenic exceeded the PLC in 27 samples rather than one sample
(Site 11);

beryllium exceeded the PLC in 12 samples rather than 5 (one
sample from each of Sites 7, 8, 9, 11 and 14);

cadmium exceeded the PLC in 11 samples rather than 6 (using the
PLC of 0.83 mg/kg, samples exceeding the PLC included
COS01401, COS01601, COS01603, COS022AO3, COSE3601 and
COSE3609); and

thalliurn exceeded the PLC in 32 samples rather than 11 (Sites 9,
11A, 12,14 and 22A).

In summary, the assessment using the above dilution scenario for the four
metals does not discern between naturally occurring (background) and
potential anthropomorphic concentrations; therefore, it is not a useful
screening tool. A statistical analysis of the concentrations of these four
metals in Phase-I soil and sediment samples indicates that the metals each
have essentially the same mean and standard deviation as the background
samples. The similarity of the means and standard deviations indicate that
Phase-I samples metal concentrations are representative of natural levels.

The upper end of the range of the beryllium and cadmium concentrations
in the Phase-I samples is slightly higher than the background samples.
The higher Phase-1 sample concentrations of these metals could be caused
by inclusion of till or loess materials which, according to the USACE
background data presented in Appendix B of the Draft RI Report, have
higher beryllium and cadmium concentrations than local soils.

In the Revised Phase-I Report, the results of reassessing the metal
concentrations will be discussed in Section 6.1 for each of the sites with at
least one sample which exceeded the PLC for arsenic, beryllium, cadmium
and/or thallium. Additional discussion of the background concentrations
may be included in Section 3.5.

We also disagree with the last part of the comment regarding use of
composite samples in the Baseline Risk Assessment; we feel that their use
is appropriate without being adjusted for the potential dilution when the
aliquots, are collected in a relatively small area in order to reduce sampling
bias associated with matrix heterogeneity and erratic distribution of
analytes (as described in the response to Comment no. 3). Composite
samples taken in these situations are acceptable for use in the risk
assessment, according to Risk Assessment Guidance for Superfund,
Volume 1, Part A, Section 4.6.3 (U.S.EPA, December 1989).

Comment 8: Sample results should be incorporated into the figures. Concentrations
above the PLC should be presented next to the sample locations in the
figures.
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Response 8: Detected concentrations with sample locations are provided in Figures 14
through 21 for Sites 10, 11, 14, 22A and 36. Concentrations exceeding
PLC's are highlighted in these Figures. Figures showing concentrations for
samples collected/analyzed from Sites 7, 7A, 8, 9, 12, 16 or 20, were not
prepared because PLCs for organics were not exceeded and inorganic
concentrations were typically below background, with a select number of
inorganic parameters slightly above the background derived PLC.

Comment 9: The site visit conducted in October of 1992 has been given too much
weight with regard to concluding that no further investigation and/or
sampling is required. There has been no factual justification provided in
any of the documents which evaluates these areas with regard to areal
photographs or other methods to determine appropriate locations.
Furthermore, the absence of no specific target analytical sampling is not
quite accurate. The Final RI Report must evaluate these sites (21, 25 and
35) based on the information generated in the 1988 RI by O'Brien and Gere
and the information collected during the Phase I and 11 sampling currently
being conducted. If DOI feels there is sufficient information to evaluate
these sites in the Final RI and complete a baseline risk assessment, DOI
may choose not to further investigate these sites. However, should there
not be sufficient data of sufficient quality to complete the Final RI Report
and conduct the baseline risk assessment, IEPA will not concur with DOI's
conclusions. This is a decision that can only be made by DOI.

Response 9: It is appropriate to address this comment by beginning with a point of
clarification and then discuss the investigative history of the three sites.

Preliminary Site Visits were performed at Sites 21, 27 and 35 (as stated on
pages i, 2, 13, and 30 of the Draft RI Report), not at Site 25.

Previous investigations at the three sites (O'Brien and Gere, 1988) consisted
of site ground inspections, sampling and analysis, plus one or more of the
following activities: aerial photographic analysis, interviews, and surface
geophysics.

As a result of the RI activities, O'Brien and Gere concluded that Sites 21
and 35 ".. do not represent a chemical exposure risk to human or wildlife
receptors at the refuge or at other locations"... and that "... no further
evaluation is recommended".

Site inspections completed on October 27 and 28, 1993, consisted of visual
examination to look for evidence of past or present contamination (e.g.,
stained soils, stressed vegetation, off-colored or unusual odors from seeps
or in surface water bodies). No signs of contamination were observed
during the inspections of Sites 21 or 35.

The two sites were also inspected on July 23, 1993, as part of the
Preliminary Ecological Risk Assessment. During these inspections, no
evidence of contamination was observed. The Freliminary Ecological Risk
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Assessment concluded that at Sites 21 and 35 there is little likelihood of
potential ecological risk and that no further sampling is warranted.

Since the 1988 RI and the recent RI activities do not provide evidence that
contamination is present, the USACE and DOI see no reason to consider
performing sample collection and analysis at Sites 21 or 35. A Preliminary
Risk Assessment will be completed for the two sites as part of the Final RI
Report; however Baseline Risk Assessments will not be performed for a
site, unless the results of the Preliminary Risk Assessment indicate that the
site poses a threat to human health or the environment. This approach
conforms with the goals of an RI/FS as stated in the National Contingency
Plan (40 CFR Part 300). The NCP includes the recommendation to focus
"the remedial analysis to collect only additional data needed to develop
and evaluate the alternatives and support design".

For Site 27, the 1988 RI concluded that sediment samples did not have
compound concentrations above control (background) sites, but surface
water samples from Crab Orchard Creek exceeded secondary MCLs for
iron and magnesium. They recommended that quarterly monitoring be
completed of surface water for cyanide, magnesium, manganese, TOC and
TOX (Attachment 1 of O'Brien and Gere). Continued monitoring of Site
27 sediments was not recommended.

During a site inspection, on October 28, 1993, to look for evidence of past
or present contamination, no signs of contamination were observed.

We did not include Site 27 sampling and analysis activities in the Phase-I
Work Plan because the river sediment and surface water currently present
at the site area represent materials from upstream facilities (e.g., Interstate
highway 57 and the Marion POTW) that are not part of Refuge and are
not relevant to the historical aspects of the site being investigated as part
of the present RI. For these reasons, no further action was the chosen
course of action presented in the Draft Work Plan for Site 27. The IEPA
had opportunity to formally comment on the Draft Work Plan;
furthermore, the purpose of the March 3, 1993 strategy meeting in St
Louis was to discuss the Draft Work Plan. IEPA comments concerning Site
27 raised on these two occasions were addressed in the Revised Project
Work Plans and were, therefore, approved by the Agency.

Floodplain areas of Site 27 were inspected on July 23, 1993, as part of the
Preliminary Ecological Risk Assessment. During the inspection, no
evidence of contamination was observed. The Preliminary Ecological Risk
Assessment concluded that 4t Site 27 there is little likelihood of potential
ecological risk and that no further samples need to be collected.

Based on the results of Site 27 investigations, no further RI activities are
planned for the site.
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Comment 10: Page 9; Site 13 is not identified in Figure 8. Please incorporate this site into
Figure 8. If there is a more appropriate figure to place Site 13 into please
modify that figure.

Response 10: Site 13 is located on Figure 2 and will be added to Figure 8.

Comment 11: Section 1.6 should also include the contaminants or elevated concentrations
of constituents found during the previous investigations for each of the
areas encompassed in the miscou.

Response 11: To make the report succinct and avoid redundancy Section 1.6 includes a
summary of previous investigations and Section 5.2 describes the specific
results for each site, including compounds detected during the previous
and the present Rls. This conforms with the suggested RI Report format
in Guidance for Conducting RI/FS under CERCLA (U.S. EPA, 1988).

Comment 12: In Section 2.1, the second sentence is awkward. As previously stated in
comments regarding the Sampling and Analysis Plan (Golder Assoc.,
December 1992), it is not appropriate to view the site visit conducted
October 27,1992, in the light that the SAP, and now the Phase I RI Report,
seem to be presenting it. DOI must be able to provide a strong
justification of this decision based on the technical evidence available. Such
justification consists of areal photographs and previous site investigations.
Without additional sampling, the only data available to include in the RI
Report and risk assessment will be the 1988 RI by O'Brien and Gere. To
date, there has been no such compelling justification presented which
would allow IEPA to evaluate whether there is sufficient data of sufficient
quality to characterize the sites and complete a baseline risk assessment.

Response 12: It is not clear to us what is awkward about the following sentence: "The
site visits consisted of visual examinations of each site area to look for
evidence of past or present contamination, review the results of previous
investigations, and discuss the sites."

DOI intends to use available data to complete a Preliminary Risk
Assessment on Sites 21 and 35 as part of the Final RI Report; no further RI
activities are planned for Site 27. Baseline Risk Assessments for the three
sites are not planned.

Comment 13: Section 2.2.1, the fourth paragraph states that the June samples were taken
adjacent to the May sample locations. What is meant by "adjacent"? Also,
were the June samples collected. pursuant to the SAP?

Response 13: June samples were collected within one foot of the May samples and in
conformance with approved SAP procedures. The text will be revised to
reflect this.
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Comment 14: In Section 3.4, the first sentence in the second paragraph should have
"typically" inserted between "are" and "less".

Response 14: Agreed. The text will be revised accordingly.

Comment 15: Section 3.5:

a. Background determinations for inorganic constituents should
include samples from areas unaffected by activities which could
result in elevation of the levels of these constituents. Since most of
the samples included in Appendix B were part of the
Explosives/Munitions Manufacturing Areas Operable Unit
�EMMAOU), a justification that these samples/areas have not been
impacted by the Department of the Army or other activities which
would result in elevated concentrations of inorganic constituents
is required. At a minimum the justification should include a map
identifying sample locations, sample results for other constituents
(i.e. VOC, SVOC, TNT, RDX, etc.), sample calculations and
inorganic constituents potentially affected by site activities.

b. As previously discussed in relation to the Crab Orchard National
Wildlife Refuge, the documents for each operable unit must contain
all of the pertinent information required to review and evaluate the
findings presented in the document. In this case, the background
determination for inorganic constituents does not supply sufficient
information to evaluate the findings presented in the document.

C. Conclusions based on the determination of background should be
reserved for the Final RI Report. Decisions which are no further
investigation is warranted should be based on the potential need
for additional data to complete the baseline risk assessment, not on
preliminary levels of concern.

Response 15 a & b: Section 3.5 of the Revised Phase-I RI Report will include the
following discussion: "The USACE database contains 36 soil, loess
and till samples collected from borings, trenches and the surface.
The database samples are believed to represent the background
range of the 23 TAL metals because no samples were included in
the database that 1) contain explosive compounds or high levels of
organic compounds, and 2) were collected from zones that contain
rubble, metal or other visual signs of disturbance. In addition, five
of the database samples were background samples for the
Explosive and Munitions Areas Operable Unit (EMMAOU) Phase4
RI. The remaining 31 samples were EMMAOU Phase-I RI field
samples. The similarity in the range of metal concentrations
between the background samples and the field samples supports
the assumption that the field samples have not been impacted by
anthropomorphic sources of metal and, therefore, the metal
concentrations represent natural levels."
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A map of the sample locations will also be included in the Revised
Phase-I RI Report. As in the Draft Phase-I RI Report, the Revised
Phase-I RI Report will include a description of the database,
including metal analyses and a description of the statistical
methods and results.

C. The risk that each site poses to human health and the environment
will be assessed in the Final RI Report and/or the Preliminary Risk
Assessment. The limitations (for general screening purposes) of
using the PLCs for assessing the sites is stated in the last
paragraph of page 32 in the Draft Phase-I RI Report.

Comment 16: Section 5.2.6, the text states five compounds were detected below their
respective PLCs. However, the text does not indicate those compounds
detected above the PLC. Please revise the text to incorporate those
compounds above their respective PI.Cs.

Response 16: The first sentence of Section 5.2.6 states that three SVOCs were detected
at concentrations above their PLCs: benzo(a)anthracene,
benzo(b)fluoranthene and bis(2-ethylhexyl)phthalate. Reported
concentrations are also provided in tabular form on page 34, along with
their respective PLCs.

Comment 17: Section 5.2.13:

Sections 3.8 and 3.9 identify potential exposure pathways (fish, livestock,
and wildlife) that require the evaluation of the bioaccumulation of the
Dioxin/Furans. Based on the bioaccurnulation pathway, the PLC for these
compounds should be 6 ppt. This concentration is substantially less than
the 1 ppb identified in the report as the PLC. The 1 ppb PLC is based on
the residential exposure scenario.

Response 17: This will be addressed in the Preliminary Risk Assessment.

Comment 18: In the first complete paragraph on page 32, reference should be changed
to Appendix B.

Response 18: Comment noted. The text will be revised accordingly.

Comment 19: Section 6:

a. Toxic Equivalency Factor for the Dioxin should be calculated and
presented.

b. As stated in previous comments regarding composite samples, the
detection of a constituent (i.e. TNT at Site 11A) could also be
concluded that one of the sample locations used for the composite

Golder Associates



November 1993 - 1.1 - 923-8108.720

sample has a concentration equal to five times the concentration
reported for the composite sample. This approach should also be
presented so that an informed decision about whether additional
samples are warranted can be made. Composite samples should
not be used in the risk assessment.

Response 19: a. The TEF will be included in the Final RI Report and in the
Preliminary Risk Assessment.

b. Refer to comment response no. 7. Also, the results of the
Ecological Risk Assessment indicate that Site 11A poses no risk to
the local ecology; therefore, Phase-11 investigations will be not be
planned at Site 11A.

Comment 20: In Section 6.3, the indicator scoring which was completed and the results
presented in this section should be tabulated and included as an appendix
in the document. Sample calculations should also be presented.

Response 20: The method and results of the indicator scoring will be included in Section
6.3 or in an appendix of the Revised Phase-I RI Report.

Comment 21: None provided.

Response 21: No response required.

Comment 22: Section 7.1, Site 16 states that no TAL inorganics were detected. This is not
correct. Please revise the text as appropriate.

Response 22: Comment noted, text will be corrected.

Comment 23: Section 7.2 contains one of the major flaws which has resulted in the
current problems being faced in the Metals Operable Unit. Further
sampling should not be limited to specific compounds. Additional
sampling for the miscou should include, at a minimum, TCL�TAL. The
cost savings for running select groups (i.e. Site 10 (TCL SVOC parameters)
is minimal.

Response 23: We do not feel that using TCL and TAL for all sample analyses is
warranted for Phase 11. Analysis of samples using the TCL and TAL in
Phase I has established the general nature of compounds present at sites.
Phase If sampling and analysis will focus on the confirming the presence
and the vertical and lateral extent of compounds detected at site that
contained (during Phase) concentrations that exceed PLCs or are
determined to be at levels that may pose a potential risk, based on the
Preliminary Ecological Assessment. The Phase 11 analyses would include
the parameters detected during Phase 1. Various suites of parameters (e.g.
Volatiles, PCB's etc.) not detected at site during Phase I would not be
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included in the Phase-11 analytical program. Complete TAL and TCL
analyses will be completed on some of the Phase 11 samples in order to
verify previous results (especially composite sample results) and provide
evidence that additional compounds of concern are not being overlooked.

This approach conforms with the RI/FS goals discussed in the ' National
Contingency Plan (40 CFR Part 300). The NCP states in Section
300.430(a)(1) that the "...goal, expectations and management principles
incorporated into the (NCP) promote the tailoring of investigatory actions
to site specific needs". To ensure that the RUS ... "is conducted as
effectively and efficiently as possible", the NCP includes the
recommendation to focus "the remedial analysis to collect only additional
data needed to develop and evaluate the alternatives and support design".
Since the RI results indicate that certain compounds are present at the
sites, Phase 11 will focus on those parameters.

Comment 24: Site 10:

a. Does not address the potential need to collect samples from the
ernbayment of Crab Orchard Lake into which the surface water
and sediment would be deposited. If the Phase 11 sampling
proposed between the lake and Site 10 indicates contamination and
the extent can not be delineated, a Phase III investigation of the
embayment would be required.

b. Narrowing the list of analytes to TCL SVOC parameters is not
appropriate. This methodology has lead to the current issues being
discussed regarding the Metals OU and the PCB OU. The discrete
samples proposed should include TAL�`TCL plus Explosives.

C. Episodic overflow onto the nearby flood plain does not appear to
be addressed by the additional sampling proposed.

d. Potential groundwater contamination has not been addressed. The
Phase 11 sampling should include at least one monitoring well
placed in the unconsolidated tilVloess in the apparent down
gradient direction. Placement of the well should be as close as
possible to the area investigated in Phase 1. Should groundwater
contamination be discovered, additional monitoring wells and
piezorneters would be required.

Response 24:

a. The analysis of a sediment sample collected where the creek meets
Crab Orchard Lake is planned and will be described in the Phase-11
Work Plan. If the sample does have compounds at concentrations
of concern, collection and analysis of a sample from the
embayment will be considered.

b. Please see response to comment no. 23.
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C. Will be addressed in the Revised Phase-I Report.

d. No groundwater sampling and analysis is planned as such
investigations are not warranted based of Phase I results. As
described in Section 6.4.1, it is unlikely that groundwater is a
significant pathway because of the physical properties of the
compounds detected in concentrations above PLC levels (i.e.,
SVOCs) and the typical direction of groundwater flow in the area
(i.e., towards surface water bodies).

Furthermore, the Preliminary Ecological Risk Assessment does not
recommendgroundwatersamplingbecauseconcentrations inwater
would only be a small fraction of that in solid phase samples
(given the high Kw of the compounds) and groundwater
concentrations would likely be below analytical detection limits.

If the Phase 11 sample results indicate higher concentrations of the
compounds of concern and that groundwater may be potentially
impacted, groundwater investigations will be considered.

Comment 25: Site 11A:

a. Narrowing the list of analytes to Explosive parameters is not
appropriate. This methodology has lead to the current issues being
discussed regarding the Metals OU and the PCB OU. The discrete
samples proposed should include TALJCL plus Explosives.

b. Potential groundwater contamination has not been addressed.
Groundwater contamination has been documented at other sites
on the Refuge as a result of Explosives contaminated soils. The
Phase If sampling should include at least one monitoring well
placed in the unconsolidated till/loess in the apparent down
gradient direction. Placement of the well should be as close as
possible to the area investigated in Phase 1. Should groundwater
contamination be discovered, additional monitoring wells and
piezometers would be required.

Response 25: a. Please see response to comment no. 23.

b. The Preliminary Ecological Risk Assessment concludes that there is
little potential for ecological risk from levels of TNT detected at the
site and recommends that no additional samples be collected.
Thus, we are not planning to collect and analyze any Site 11A
samples during Phase 11.

Golder Associates



November 1993 14 - 923-8108.720

Comment 26: Site 14:

a. Narrowing the list of analytes to BETX parameters is not
appropriate. This methodology has lead to the current issues being
discussed regarding the Metals OU and the PCB OU. The discrete
samples and groundwater samples should include TAWCL plus
Explosives.

b. What is meant by "shallow groundwater". There must be a more
accurate description provided.

Response 26: a. Please see response to comment no. 23.

b. Shallow groundwater refers to the uppermost aquifer (i.e., the
water table) and is likely to be encountered within approximately
20 feet of the ground surface at Site 14. The text will be revised to
incorporate a more detailed description of anticipated groundwater
conditions.

Comment 27: Page 60 is before page 59 in the documents supplied to IEPA.

Response 27: The correction will be made for the revised submittal.

Comment 28: Site 22A:

a. Narrowing the list of analytes to Dioxin and TCL SVOC parameters
is not appropriate. This methodology has lead to the current issues
being discussed regarding the Metals OU and the PCB OU. The
discrete samples and groundwater samples should include
TAL/TCL plus dioxin/furan compounds.

b. What is meant by "shallow groundwater'. There must be a more
accurate description provided.

Response 28: a. Please see response to comment no. 23.

b. Shallow groundwater or the uppermost aquifer at Site 22A will
likely be encountered within 5 to 10 feet of ground surface. The
text will be revised to incorporate a more detailed description of
anticipated groundwater conditions.

Comment 29: Site 36:

a. The sampling proposed for this site does not appear to address
surface water contamination within the drainage areas and lake.
Incorporate surface water samples for TAWCL and explosives.
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b. Narrowing the list of analytes to TCL SVOC, TCL PCBs, cadmium,
lead and thalliurn or other limited parameters indicated for areas
within this site is not appropriate. This methodology has lead to
the current issues being discussed regarding the Metals OU and
the PCB OU. The discrete samples and groundwater samples
should include TAL�TCL and explosives.

C. What is meant by "shallow groundwater". There must be a more
accurate description provided.

Response 29: a. Surface water sampling of the East Pond, Dove Creek and Pigeon
Creek wiU be addressed in the Revised Phase-I RI Report. Please
refer to the response to comment no. 23 regarding the analytical
program for the surface water samples. Crab Orchard Lake is
being monitored by organizations under the guidance of the
DOI/FWS and, therefore, lake water (and/or sediment) sampling
and analysis are not planned as part of the Misc AOU.

b. See comment response number 23.

C. Shallow groundwater in the Site 36 area is likely less than 15 feet
below ground surface. The text will be revised to incorporate a
more detailed description of anticipated groundwater conditions.

B. U.S.FWS Comments Dated 10/19/93

Comment 1: Page 4, Section 1.3. Crab orchard National Wildlife Refuge does not enter
into Johnson County.

Response 1: The text will be revised accordingly.

Comment 2: Page 4, Section 1.4. Last sentence in second paragraph should read: "... as
one of its four purposes" rather than "... central to its vitality".

Response 2: The comment will be addressed by revising the text as recommended.

Comment 3: Page 4, Section 1.4. Last sentence should read: ...... in the closed portion"
rather than in the eastern portion".

Response 3: Agreed. The text will be revised accordingly.

Comment 4: Page 9, Section 1.6.3.2. Site 13 is located southeast of Site 14.

Response 4: Agreed. The text will be revised accordingly.
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Comment 5: Page 11., Section 1.6.7. Last sentence should include the USEPA and IEPA.

Response 5: Agreed. The text will be revised accordingly.

Comment 6: Page 28, Section 3.8. Acres described do not add up to 43,500. Lake
acreage should be included.

Response 6: The comment will be addressed by including all appropriate acreage in the
revised text.

Comment 7: Page 28, Section 3.8. Last sentence of first paragraph should read: "Most
of this usage occurs on the western and southwestern portion of the
Refuge, which is remote from the manufacturing areas located in the
closed portion".

Response 7: Agreed. The text will be revised accordingly.

Comment 8: Figure 12. Change the location of the Headquarters building to the
present location or label Site 22A at the "old or former" Headquarters
building.

Response 8: Figure 12 will be revised to identify the present location of the
headquarters.

(087266Z5.wpi/srh)
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TO: Steve White
FROM: P. Anderson
DATE: August- 6, 1-993

SUBJ: Database for metals, Crab orchard, Illinois.

Executive Su=ary

A statistical database of analyses of twenty-three metals was
compiled for soil and rack samples from Crab Orchard, Illinois.
The database was used to calculate the average, maximum, minimum,
and standard deviation values for these samples. Additional soil
samples may be combined with assumed background soil samples to
determine the overall background concentrations of metals in the
area and till contains higher concentrations of metals than either
soil and loess. These latter two types of material are virtually
indistinguishable at the site and from boring log descriptions.

Introduction

A database was compiled of geochemical metal concentration
data from selected soil samples collected at Crab orchard,
Illinois. This database was used to assist in defining simple
univariant statistical parameters for samples of undisturbed
unconsolidated materials not contaminated by military or industrial
activities at the site. The averages, maximums, minimums, and
standard deviations were calculated for the twenty-three metals for
each group of samples. This database may be used for -----;ditional
statistical analvses of the data if necessarv.

Method

A Lotus 123 format database was provided to the U. S. Army
Corps of Engineers by Environmental Science and Engineering, Inc.
(ESE) St. Louis, Missouri. This database contained geochemical
values for explosive and organic compounds and metals for 146
samples. The majority of these samples were soil samples collected
from the surface, soil borings, and trenches. Ground water,
surface water, and sediment samples were also included in the data
set.

The USACE database contains 39 samples which do not contain
explosive compounds or high levels of organic compounds. Ground
water, surface water, and sediment samples were excluded from the
data set. In addition, samples were compared with boring logs to
determine if there was any visual evidence of contamination. Those



samples that were collected in zones that contained rubble, metal,
or other sians of disturbance were not included in the final data
set. Each sample was analyzed for twenty-three metals: Al, Fe,
Ca, K, Na, Mg, Mn, Ba, ,'71 Cr, Zn, Ni, Pb, Co, Cu, Be, As, Ta, Sb,
Se, Ca, Ag, and Hg. Samples were sorted based on lithological type
.Lntc six subgroups: unconsolidated material, soil, loess, till,
sandstone, and co-al. The unconsolidated material subgroup contains
36 samples representing all soil, loess, and till samples. The
soil subgroup is composed of 24 samples consisting of background
samples, soil samples obtained from soil borings and trenches, and
surface samples from site COC-4. The loess and till subgroups are
composed of samples from monitoring well borings and contain 8 and
4 samples, respectively. The monitoring well boring logs were the
only available source of information to aid in determining the
potential orgin of these samples based on lithological
descriptions. Loess was defined as soil which contained fine-
grained sand and was near the surface. Till included soils
encountered in the lower portions of borings which contained
gravel. The sandstone subgroup contains one sample while the coal
subgroup contains two samples.

The geochemical data for several metals was below the lower
detection limit for several of the samples in the data set. A
value of one half the lower detection limit was used for the
calculation of statistical parameters for these values. In
addition, sample COC-MWS-9*3 was removed from the data set. This
sample contained the maximum and minimum values for several of the
metals and was removed to reduce the skewness of the sample
populations due to high and low outlier values. Sample COC-MWS-9*3
represents a sample of till.

Discussion
The raw data for the UASCE database of metal analyses is in

Appendix A. The averages, maximums, minimums, anc� standard
deviations for the one half the lower detection limits data set is
in Table 1. Background and soil samples display similar
concentrations of metals (Figure 1). This relationship supports
the assumption that these subgroups may be used collectively for
statistical analyses of background metal concentraions in soils at
the site and increases the effective sample population for soils
from 5 to 24 samples. Till has the highest concentrations of
metals relative to loess and soil, especially with metals of lesser
abundance (Figure 2). The concentrations of metals in loess is
slightly higher than the concentrations of metals in soils.

The accuracy of the statistical parameters generated by this
database are dependent on the quality of sample collection and
handling and the quality control of the analytical laboratory.
These parameters are assumed to be adequate. However, the
geochemical data for the metals Sb, Cd, and Hg can not be used in
statistical analyses since greater than fifty percent of these
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samnle values are less than the lower detection limits of the
anaIlytical procedures. The limited amount of descriptive
lithological, information hinders the determination of the possible
types of Materials. This may result in the omission or inclusion
of extraneous samples in subgroups.



Table 1. Averages, maximums, minimums, and standaid deviations for metals for the data set subgroups, Crab Orchard, Illinois. C0nCtrL rdtl0li -in

mg/kg dry weight.

Background samples (n=5) Standard Soil samples (n-24) Standard Loess samples (n=8) Standard

METAL Average Maximum Minimum Deviation Average Maximum Minimum Deviation Average Maximum Minimum Deviation

ALUMINUM 14998 28700 9400 7135.069 13590.42 28700 7340 4729.334 12147.5 25600 8740 5155.375

IRON 19960 28000 13500 5584�478 19912.92 30800 8410 5752.956 20600 37000 15100 7086,783

CALCIUM 917.2 1040 849 77�25128 1195,833 2250 645 427.4897 1811.25 4180 1140 943�7616

POTASSIUM, 751.8 1590 201 474,8652 649�4583 1590 130 356�3049 510 1370 240 338,3345

SODIUM 134.99 173 10.95 62,17781 112�3521 451 10.95 94.30142 149�025 363 54-6 93.40618

MAGNESIUM 2642 4120 1520 972.2633 1990.417 4120 1130 694,3971 2253.75 3410 1650 473.047

MAUGANESE 552�6 1340 237 399.5546 494�8333 1340 116 286.265 564 986 313 209,1937

BARIUM 129.6 160 102 22.57964 105.8625 160 59.2 27.04735 133.6125 176 88�9 27.10353

VANADIUM 33�46 55.2 24.3 11.33289 35-35417 96 17.3 15.46779 33.525 49.5 27.6 6�653899

CHROMIUM 19.78 29.8 12.9 5.710131 20 25375 42.9 8�89 7�240128 20,5S 30.7 16 4,595378

ZINC 49.44 61.3 31.5 11.49741 50.8375 208 22.1 34,55638 35.2125 48.4 28.3 5.698122

NICKEL 18.24 23.4 14.3 3�112941 15.28958 34-8 6.51 5.628486 20.0375 40�2 16.1 7 669573

LEAD 15.886 18.8 9.53 3.563311 12.83833 21�1 6 3.941625 15.325 32�1 10.3 6.883994

COBALT 9.91 11.7 8.09 1.355625 9-660833 18.6 3.66 3.6S3725 28.14875 130 6.38 39.81471

COPPER 16,68 21.1 10.4 3.76797 14.40042 19.5 1.13 3.362714 13.5 22�9 10�9 3.649315

BERYLLIUM 0.622 0.77 0.53 0.081584 0,637083 0.86 0.43 0.108569 O�9575 2.91 0.55 0.743635

ARSENIC 5�592 8,02 2.75 2�323079 5�736667 15.5 1.76 3.047757 4.03 5.97 2.51 1.297748

THALLIUM 0.254 0.37 0.06 0.108185 0 238333 0.63 O�055 0.128854 0.1925 0.3 0,11 0.065527

ANTIMONY 0.743 O�775 0.695 0.02874 0.971875 2�41 0.64 0,521204 0,690625 0.725 O�66 O�023108

SELENIUM 0.302 O�48 0.1 0.16594 0.351333 1.5 0.001 0.299375 0.328125 O�93 0.1 0.244412

CADMIUM 0.115 0.12 0,105 O�005477 0.254167 1�35 0.1 0.29294 0.163125 0.57 0-1 0-153825

SILVER 0.536 0,69 0.45 0.082365 0.41875 0.8 0.11 0.175364 O�625 0�99 0.46 0.177553

MERCURY O�04606 0.04895 0,04205 0.002252 0.04636 O�057 0-0339 0.004868 0 041044 0.0498 0.03135 0.006242

Till samples (n-4) SandsLolle Samples (n-1) Coal samples (n-2)

Standard Standard Standard

METAL Average Maximum Minimum Deviation Average Maxirwom Minimum Deviation Average Maximum Minimum Deviation

ALUMINUM 11174 19000 327U 4984�406 7080 7u8� 7080 0 28100 31800 24400 3700

IRON 41280 60200 23500 13605�79 1u2000 10��oc- 102000 32900 40000 25800 7100

CALCIUM 6106 17900 2490 5934.68 2000 ZUG() 2000 0 4065 5940 2190 187S

POTASSIUM 1555.4 3460 397 1048.605 804 604 804 0 5595 9610 1580 4015

SODIUM 493.6 1210 236 363-6661 177 177 177 0 245.5 383 108 137 5

MAGNESIUM 3553�8 6550 289 2048.407 1150 1150 1150 0 3870 4870 2870 1000

MANGAtIESE 624�EB 1620 18�9 544.4693 428 428 428 0 291 308 274 17

PARTUM 103,84 144 62,9 29.63434 83.9 83�9 83.9 0 121.5 142 101 20�5

VA,NA-DIUM 122�24 441 26.9 160.11�-b 42 6 42.6 42.6 0 697-5 1270 125 S72-5

CHROMIUM 28�56 43 7 17 9.443uC� '7 27 27 0 145�65 245 46.3 99.35

ZINC 124,38 267 46.7 78,4387B 221 221 221 0 782 1340 224 558

NICKEL 43.76 62�1 26.1 13 15141 ;9.6 49.6 49.6 0 129�2 214 44.4 84.8

LEAD 18.04 22.4 11�7 3�95707 14�5 14�5 14.5 0 21�95 26.6 17.3 4.65

COBALT 20�516 49 4�28 15�13273 27�1 27�1 27 1 0 10,63 13.1 8�16 2.47

COPPER 39 83.1 16.2 24�93335 25�9 25.9 25.9 0 68�4 115 21,8 46.6

BERYLLIUM 1.412 2-12 O�13 0.783694 I.Q8 1�88 1�88 0 1.315 1.95 0.68 O�635

ARSENIC 14.928 30.7 4.34 11.91092 3.�-2 3.32 3-32 0 22.375 35.5 9.25 13.125

TIJALLIUM 2.314 9.71. 0.15 3.726793 0.45 0,45 0.45 0 3.09 5.3 0.88 2.21

ANTIMONY 3.128 11.8 0.695 4.352386 b.1 5-1 S'l 0 13 38 26�1 0.66 12.7Z

SELENIt"M 21.255 104 0.1 41�37514 0�1 0.1 0�1 0 8.865 15.8 1.93 6.935

CADMIUTM 4.112 12�4 0.105 4�48939 1�65 7�65 7.65 0 26,13 47.3 4.96 21�17

SILVER 1�81 5.86 0.56 2.031138 1.63 1.63 1-63 0 2.3555 4�09 0,621 1.7345

MERCURY 0.0844 0.201 0,0535 O�058309 U.109 0.109 0.109 0 0.14175 0.231 0.0525 0.08925
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Table L. Raw data for TJSACE database, Crab ,,')rcnard, !II-'

S AM P LE 7D COLL. DA""ECOLL.TT-ME PARL 7 S T PARAMETER
C 0 - a C K * I SSBG-1-3-5 10/03/91 0 8 4 S CO - 9 CONC MG/KG DRY
CO-BACK*2 SSEG-2-0-2; 10/0-3/91 10 0 0 CO-9 CONC MG / KG DRY
C0_eACK*3 SS2G-2-3-S 10/03/91 10:13 CO-9 CODIC MG/KG DRY
C 1, 0 - 2 A C K * S SSBG-3-3-S 10/103/91 08:4S CO-9 CONC MG/KG DRY
CO-2ACK*&_ SSEG-2-7-10 10103191 1 0 : S 0 CO - n4 CONC MG/KG DRY
C 0 C - L'MW S * I MWSCOCI - I - 5 - 7 09/2S/91 07:SS 00 - 1 CONC MG/KG DRY
COC-lMWS*2 MWSCOC1-1-121-14 09/2S/91 08:2S CO-I CONC MG/KG DRY
COC-IMIqS*3 MiWSCOCI-1-19-21 0 911 2 5 / 9 1 09:38 CO-I CONC MG/KG DRY
COC-2MWS*1 MWS-COC2-1-5-7 10/01/91 CONC L14G / KG DRY
COC-2MWS*2 MWS-COC2-1-12-1410/01//91 16:00 CONC MG/KG DRY
COC-4MWS*l MWSC(DC4-1-5-7 0 9 / 23 9 1 12:S4 CO-! CONC MG/KG DRY
COC-5*9 TPCOCS-2-4-6 0 8 /2 2 9 1 10:58 CO-2 CONC MG/KG DRY
C, 0 C - 5 * I TPCOCS-1-4-6 08/22/91 09:22 CO-2 CONC MG/KG DRY
CnC-SMWS*1_ M`WSCOCS-1-5- 09/30/91 12:2S CO-I CONC MGI'KG DRY
COC-6114WS*1 MWS-COC6-2-S-7 09/30/91 12:15 CO-I CONC MG/KG DRY
COC-6MWS*2 14WS-COCG-2-5-7 0 9 /3 0 19 1 12:IS CO-I COUC MG/KG DRY
COC-6MWS*3 MWS-CCC6-2-12-14 9/30/91 1S:30 CO-I CONC MG/KG DRY
COC-6MWS*4 147fiS-COC6-2-19-21 9/30/91 16:15 CO-1 CONC MG/KG DRY
COC-7*6 TPCOC7-2-4-6 08/26/91 16:32 CO-2 CONC MG/KG DRY
COC-9*9 TPCOC9-2-4-6 08/22/91 IS:20 CO-I CONC MG/KG DRY
COC_9*IS TPCOC9-2-0-2 08/22/91 14:55 CO-2 CONC MG/KG DRY
CCC-9*20 TPCOC9-3-4-6 08/23/91 08:48 CO-2 CONC MG/KG DRY
COC-9MWS*l MWS-COC9-2-5-7 09/25/91 08:50 CO - I CONC MG/KG DRY
COC-9MWS*2 MIS-COC9-2-12-14 9/25/91 09:4S CO-! CONC MG/KG DRY
COP-4*16 TPCO?4-7-0-2 09/04/91 10:40 CO-1 C_0NC MG/KG DRY
C02-4*26 TPCODP4-2-4-6 08/27/91 15:IS CO-I CONC MG/KG DRY
COP-4*17 TPCO24-3-8-10 08/28/91 10:22 CO-3 CONC MG/KG DRY
COP-4*25 TPCO24-5-95-8 09/03/91 14:40 CO-3 COUC MG,/`KG DRY
CCIC_4SS*1_ SSCOC4___1 09/08/91 0 9 3 5 CO-3 CONC MG/KG DRY
C11"�C-4sS*2 SSCOC4_2 0 9 / 0 S li 17,41 0 93 5 CO-3 CONIC MG/KG D RY
COC_4SS*3 SSCOC4-3 09/08/9I 10:15 CO-3 CONC MG/KG DRY
COC-4SS*9 SSCOC4-9 09111191 09:2S CC) - 3 CONC MG/KG DRY
COC-4SS*4 SSCOC4-4 09/08/91 10:45 CO-I CCNC MG '/KG DRY
CCC-4SS*5 SSCOC4-5 09108191 12:10 CO-1 CONC MG/KG DRY
COC-4SS*6 SSCOC4_6 09/08/91 12:45 CO-I CONC MG/KG DRY
COC-4SS*7 SSCOC4-7 09/08/91 13:40 CO-1 CONC MG/KG DRY
COC-4SS*8 SSCOC4-8 09/08/91 14:20 CO-1 CONC MG/KG DRY
COC-4SS*10 SSCOC4-10 09/11/91 09:55 CO-I CONC MG '/KG DRY
COC-4SS*II SSCOC4-11 0911.1191 10:25 CO-I CONC MGI'KG DRY

BACK = background
SS2G = surface sample, background
MWS monitoring well sample
TP test pit sample
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Table

SAMPLE l�1.05*-QCLP!097*SCLP!002*SCL2100"� 1,-SCL210121 "SCLP!027*SCLP
ALUMINUM ANTIMODPf ARSENIC BARIUM 3ERYLL-U,1,1 CADM17m

CO-BACK*I 14900 -1.47 8.02 125 0.63 -0.23
CO-BACK*2 9690 -1.39 2.99 160 0.61 -0.21
CO-2ACK*3 28700 -1.48 6.19 151 0.77 -0.23
CO-BAC.z,*5 12300 -1.55 8.02 i1o 0.5,7 -0 . 1'2; 4
C 0 - B A CK * 4- 9400 -1.54 2.75 102 0.53 -0.24
ccc-imws*i 8740 -1.34 5.68 131 0.7 -0.21
COC-lMWS*2 10200 -1.45 5.97 88.9 0.87 -0.22
COC-IMWS*3 ii7oo 1.69 6.49 144 1 .'173 4.04
COC-2MWS*l 9140 -1.38 3.16 III 0.55 -0.21
COC-2MWS*2 11200 -1.49 4.61 77.3 1. 5.5 -0.213
COC-4NTWS*l 10700 -1.42 4.34 62.9 2.52 3 .9
COC-5*9 15000 -1.29 2.86 124 0.65 0.25
COC-5*10 20500 -1.43 5 . 33 4 147 0.66 0.37
coc-simws*i 10 5 0 0 -1.44 2.58 147 0.59 0.57
COC-GMWS*l 11300 -1.33 3.21 145 0.64 -0.2
COC-GMWS*2 11300 -1.32 2.51 !76 O.74 -0.2
COC-GILqws*3 19000 -1.39 28 114 1.13 -0.21
COC-GMWS*4 7080 5.i 3.32 83.9 1.88 7.65
COC-7*6 17300 -1.36 2.62 72.5 0.64 -0.21
COC-9*9 31800 26.1 35.5 142 1.95 47.3
COC-9*15 24400 -1.32 9.2S 101 0.68 4.96
COC-9*20 17400 -1.61 15.5 77.3 0.86 1.35
coc-9mws*l I 0400 -1.38 4.03 160 0.66 -0.21
COC-9MWS*2 25600 -1.41 5.1 110 2.91 -0.22
COP-4*16 19700 -1.37 4.03 59.2 0.51 -0.21
COP-4*26 10500 -1.28 3.79 61.4 0.43 -0.2
CCP-4*17 7340 -1.41 4.21 82.1 0.5 - 0 . 2. )
COP-4*25 1.3000 - 1 .43 1.76 84.7 O.G -0 . zz
�-Clc -4 Ss * I 9650 1.8 7.37 94.7 (.63 0.7
COC-4SS*2 12600 -1.47 10.7 110 0.81 0.75
COC-4SS*3 10500 2.19 6.79 87.3 0.54 -0.22
COC-4SS*9 15300 -1.39 3.81 129 0.74 -0.21
COC-4SS*4 8970 1.83 3.65 134 0.55 -0.22
COC-4SS*5 9370 -1.42 4.08 93 . 5 0.61 0.38
COC-4SS*6 14400 2.41 7.22 113 0.62 0.43
COC-4SS*7 10 6 0 0 -1.34 6. IC; 103 0.78 -0.21
COC-4SS*g 8650 1.49 7.21 102 0.58 -0.21
COC-4SS*10 14600 -1.48 8.48 0.82 -0.23
COC-4SS*I1 15800 -1.5 3.65 116 0.6 -0.22
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Table 1. (Cont.)

SAMPLE 910'*SCLPS1034*SC;'�PIO�17*SCL2!042+SCLP!018*SCLPIOSI*SCL2
CALCIUM C.:--.'ROMIUM1 COBALT COPPER IRON LEAD

CO-EACK*1- 976 '41.2 11.7 19.2. 23000 18
CO-BACK*2 971 12.9 -'J.1 14.7 13500 18.8
CO-SACK*3 849 29.3 8.09 21.1 28000 14.4
CO-9ACK*5 850 13.7 9.97 18 21500 18.7
CO-RACK*4- 1040 16.3 9.79 10.4 13800 9.53
COC-1M`wS*1- 1560 iG 9.01 12.9 16500 10.3
COC-IMWS*2 2200 17.3 39.9 13.6 26700 19.6
COC-lMWS*3 17900 32.9 18.6 49.9 46500 21.4
COC-2MWS*l 1420 17.2 6.38 ii.5 16300 12
COC-2MWS*2 2530 17 17.9 16.2 23500 15.5
COC-4MWS*l 4330 20.5 49 24.7 60200 11.7
Cn-c-5*9 1J.00 18.9 7.58 9.08 18300 10.5
COC-5*10 1330 22.3 10.4 17.7 23200 18
COc-5MwS*i 1330 17.8 8.1 11.9 15100 10.9
COc-6mwS*1 1300 20.8 9.2 10.9 17100 13.2
COC-6MWS*2 1360 24.5 12 12.8 1.9600 12
COC-6MWS*3 3230 28.8 12.8 21.1 23000 19.2
COC-6MWS*4 2000 27 27.1 25.9 102000 14.5
CCC-7*6 1770 27.4 7.18 12.6 21600 is
coc-9*9 5940 245 13.1 115 40000 26.6
Coc-9*15 2190 46.3 8.16 21.8 25800 17.3
COC-9*20 913 31.1 12.7 17.2 22500 18.6
COc-9MwS*i 1140 20.1 10.6 11.5 16500 12.5
COC-9MWS*2 4180 30.7 130 22.9 37000 32.1
COP-4*16 1120 23.1 5.02 18900 14.6
COP-4*26 2250 10.8 3-09 6.64 ioioo 7.73
COP-4*1-71 2010 8.89 3.66 6 9410 11.5
COP-4*25 1930 15.5 4.76 7.95 13600 9.75
COC-4SS*l 747 i6.3 13.11 11.1 4.4.900 .0
COC-4SS*2 859 25.7 10.3 1-3.9 27900 13.7
COC-4SS*3 1080 14.2 7.4 10 14900 11.3
COC-4SS*9 1610 22.3 10.8 15.8 23300 16.2
COC-4SS*4 778 17.7 8.71 9.25 14000 11.6
COC-4SS*5 G45 14.1 12.1 10.i 23100 12.2
COC-4SS*G 1180 19.8 8.55 16.3 20500 15.7
COC-4SS*7 919 21 17.7 13.4 27800 19.5
COC-4SS*8 903 15.2 11 10.1 16700 13.6
COC-4SS*10 1350 42.9 18.6 13.2 30800 19
C0C-4SS*11 1320 20.1 8.16 12.4 19600 13.9



Table i. (Cont.)

SAMPLE 92�i*-QCLPSIOSSkSCL?71900*SCLI067*SCL?93"1*c-CLPS114-/*SCLP
M.AGNESIUM i-LAINGANESE MERCURY NICKEL POTASSILTM SELENIum

CO-BACK*I- 3130 442 -0.094 19.6 890 0.46
CO-BACK*2 !520 1340 -0.0925 16.2 616 0.36
CO-2AC.'K*3 4120 237 -0.0979 23.4 1590 -0.2
CO-BACIK*S 2740 396 -O.'0921 17.7 462 0.48
CC-SA.CK*4- 1650 348 -0.0841 14.3 201 -0.22
COC-LMWS*I- 2120 478 -0.0961 17 466 0.3
CCC - It4WS * 2 1650 9 8 6 - 0 . 0 8 6 8 19 436 0.34
COC-lMWS*3 6590 632 -0.107 40.4 1240 1.37
COC--"IMWS*l 2090 212 -0.0889 17.9 240 -0.2
CCC-2MWS*2 2980 577 -0.11 33.2 397 -0.2
CCC-4MWS*l 3480 1620 -0.113 62.1 930 0.7
COC-5*9 1950 350 -0.0839 16.2 722 -0.21
CCC-5*10 2900 473 -0.0942 is 1490 0.44
C IIDI C - 5 14W s 1* 12 0 6 0610 -0.0679 17 2S4 0.35
ccc-6MLWS*l 2220 519 -0.0996 16.8 383 0.93
coc-6mws*'-') 2290 408 -0.0825 1G.1 394 -0.21
COC-6mws*3 4430 275 -0.112 26.1 1750 -0.21
coc-6mws*d- 1150 428 0.109 49.6 804 -0.2
COC-7*6 1970 154 -0.108 14.6 730 0.29
COC-9*9 4870 274 0.231 214 9610 15.8
ccc-9*15 2870 308 -0.105 44.4 1580 1.93
COC-9*20 2340 308 -0.104 34.8 838 I.S
CcC-9MWS*1 2190 411 -0.0722 16.3 537 0.260
coc-9mws*2 3410 787 -0.0627 40.2 1370 0.24
COP-4*16 2110 116 -0.114 11.2 921 -0.002
COP-4*26 1320 303 -0.0918 7.58 374 -0.21
C02-4*17 1130 231 -0.0905 6.51 130 -0.002
COP-4*25 1660 467 -0.0865 9.01 659 -0.2
CCC-4SS*l- 1360 837 -0.0679 13.1 386 0.41
COC-4SS*2 1730 644 -0.0797 iG.5 479 0.45
COC-4SS*3 1560 386 -0.103 12.5 433 0.37
COC-4SS*9 2470 403 -0.0933 19.1 816 0.21
COC-4SS*4- 1260 659 -0.0892 11.6 436 0.45
COC-4SS*5 1330 567 -0.091G 15.3 362 0.24
COC-4SS*6 2470 327 -0.0826 16 852 0.45
COC-4SS*7 1610 907 -0.0893 12.2 328 0.52
COC-4SS*8 1430 763 -0.105 9.5S 247 0.72
COC-4SS*I 1820 956 -0.0903 16.3 67(5 0.27
COC-4SS*l 2240 262 -0.1 15.7 939 0.29
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Table 1.

SA1'-1PLE Q29*SCL2SlO5,:�*SCL21087*SCTP1092*SCL2S
S I LVER SODIM4 THALLIM4 VANAD I UM ZINC TRPH

CC-SACK*I 0.69 173 0.37 1-3.2 58.1 -
CO-BACK*2 0.51 -21.9 0.212 25.1 40.4 -
CO-EACK*3 O.S4 159 0.31 55.2 61.3 -
CC-BACK*5 0.49 1G6 O.-II 29 '5 55.9 -
CO-BACK*4 0 . 4 5 16 6 -0.12 24 . 3 31.5 -15
coc-imWs*I 0.46 186 0.3 28.2 37.2 -14
CCC-IMWS*2 0.85 363 0.27 33.G 28.3 -15
CCC - IN91S * 3 0.93 257 1.36 70.8 123 -16
COC-2MWS*l 54.6 0.1" 27.6 31 -14
COC-2MWS*2 0.56 405 0.19 26.9 46.7 -14
COC-4MWS*l 1 360 0.15 30.3 267 -15
COC-5*9 0.27 66.7 0 .-7, 34.4 33.4 -is
C-OC-5*10 0.38 83.5 0.29 42.9 GO.3 21
coc-slmws*i 0 . 6 80 0.11 3 0 . 4 33.9 -14
COC-6iMWS*l 0 . 52 119 0.22 32.5 31.7 -14
COC-6MWS*2 0.51 123 O.is 36.7 34.6 -14

O.-COC-6MWS*3 236 O.1G 41.71 58.2 -8.8
CCC-61MWS*4 1.63 177 0.45 42.G 221 -15
COC-7*6 0.5 168 0.46 46.4 44.9 43
COC-9*9 4.09 383 5.3 1270 1340 21
COC-9*15 0.621 108 0.88 125 224 26
CCC-9*20 O.SS 131 0.63 96 208 -16
C0 c - 9 NTWS * 1 0.54 74.6 0.22 29.7 36.6 -14
coc-9mws*n- 0.99 192 0.14 49.5 48.4 -15
C02-4*16 0.64 82.9 0.18 37.3 39.8 -14
COP-4*26 0.25 4S1 -0.11 20.8 22.1 -16
COP-4*17 0.26 221 0.19 17.3 56.1 17
CrDP - 4 * 2 5 0.31 224 0.34 26.9 1 9.,:; -15
,C C C - 4 S S * I 0.29 3 6 . 2 0.11 2 9 . 4 54.1 -14
CGC-4SS*2 0. 25 34.2 0.15 36.4 54 -14
CCC-4SS*3 -0.22 48.3 0.19 24.1 33 -14
COC-4SS*9 0.72 44.1 0.2 38.7 45.6 -14
COC-4SS*4 0.25 98-7 0.24 23 .4 37.9 -15
COC-4SS*5 0.38 26.8 0.14 2G.9 57.2 14
COC-4SS*G 0.25 24.9 0.36 34.9 46.4 -15
COC-4SS*7 0.39 34.4 0.19 38.8 35.8 21
COC-4SS*8 0.26 68.8 0.22 26.4 25.3 18
COC-4SS*10 0.8 103 0.22 46.1 34.4 -15
CCC-4SS*11 0.48 74 -0-11 35.2 44.6 1.9



Appendix B

Geochemical metal concentrations 'or
unconsolidated material, soil, loess, and till

samples, Crab Orchard, Illinois.
(1/2 detection limits)
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Table i. Geochemical analytical metal concentrations for selected
unconsolidated material samnles, Crab Orchard, IL.

SAMPLE TYPE ID COLL.DATE COLL.TIME

CC-BACK*1 BCKGL,,ID SSBG-l-')-S 10/03/91 08:45
CO-eACK*2 BCKGIND SSEG-2-0-2 10/03/91 10:00
CO-BACK*3 RCKGND SSEG-2-3-5 10/03/191 10:13
CO-3ACK*5 BCKGNID SSBG-3-3-5 10/03/91 08:45
CO-BACK*4 BCKG.LTD SSBG-2-7-10 10/03/91 10:50
COC-6MWS*1 LOESS MWS-COCG-2-5-7 09/30/91 12:15
COC-lMWS*l LOESS MWSCOCI-1-5-7 09/25/91 07:SS
COC-2MWS*l LOESS MWS-CCC2-1-5-7 10101191
COC-9MWS*2 LOESS MWS-COC9-2-12-14 09/25/91 09:45
COC-9MWS*1 LOESS 09/25/91 08:50
COC-IMWS*2 LOESS MWSCCCI-1-17--14 09/25/91 08:25
CCDC-GMWS*2 LOESS MWS-COC6-2-5-7 09/30/91 12:1-5
COC-5MWS*l LOESS MWSCOCS-1-5-7 09/30/91 12:25
COC-6MWS*3 TILL MWS-CCCG-2-12-14 09/30/01 15:30
COC-4MWS*l TILL MWSCOC4-L-5-7 09/23/91 1"':54
COC-IMWS*3 TILL MWSCOCI-1-19-21 09/25/91 OZ9:38
COC-2MWS*2 TILL MWS-COC2-1-12-14 10/01/91 16:00
COC-9*20 SOIL TPCOC9-3-4-6 08/23/91 08:48
COP-4*17 SOIL TPCO24-3-8-10 08/281/91 10:22
COP-4*26 SOIL TPCOP4-2-4-6 08/2i/91 IS:IS
COP-4*16 SOIL TPCOP4-7-0-2 09/04/91 10:40
COC-5*10 SOIL TPCOCS-1-4-6 08/22/91 09:22
COC-5*9 SOIL TPCOCS-2-4-6 08/22/91 10:58
COC-7*6 SOIL TPCOC7-2-4-6 08/26/91 16:32
COP-4*25 SOIL TP0024-5-G-8 09/03/91 14:40
COC-4SS*1 SS4 SSCOC4-1 09/08/91 09:35
CO-C-4SS*2 SS4 SSCOCI-2 09/08/91 09-35
COC-4SS*3 SS4 SSCOC4-3 09/08/91 10:15
COC-4SS*9 SS4 SSCOC4-9 091111191 09:25
COC-4SS*4 SS4 SSCOC4-4 0910 8 191 10:45
COC-4SS*c-- SS4 SSCOC4-5 09/08/91 12:10
COC-4SS*6 SS4 SSCOC4-6 09/08/91 12:45
COC-4SS*7 SS4 SSCOC4-7 09/08/91 13:40
COC-4SS*S SS4 SSCOC4-3 09/08/91 14:20
COC-4SS*1-0 SS4 SSCOC4-10 09/11/91 09:55
COC-4SS*11 SS4 SSCOC4-11 09/11/91 10:25

BCKGND = background sample.
SSIBG Soil sample, background.
MWS monitoring well sample.
TP = test pit sample.
SS = surface soil sample.
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Table i. 'Cont.)

'SIANIPLE ?ARLILST STOR*METH 1105*SCLPS 1097*SCLPS 1002*SCLPS
PAIR-A14ETER NA14E ALUMINUM ANT I M 01"PC ARSEBTIC

CO-BACK*_1 CO-9 CONC MG/KG-DRY 14900 0.73 8.02
CO-BACK*2 CO-9 CONC MG/KG-DRY 96,110 0.695 2.99
CO-BACK*3 COI-9 CONC MG/KG-DRY 287/00 0.740 6.18
CO-BAC'.K*5 CO-9 CONC MG/KG-DRY 12300 O.7/75 8.02
CO-SACK*4 CO-2 CONC MG/KG-DRY 9400 0.770 2.75
COC_6M;qs*1_ CO-1 CONC MG/KG-DRY 11300 0.665 3.21
cl--)C-Imws*l CO-1 CONC MG/KG-DRY 8740 0.6-110 5.68
COC-2MWS*1 CONC MG/KG-DRY 9140 0.690 3.16
COC-9MWS*2 CO-! CONC MG/KG-DRY 25600 0.705 5.10
COC-9mws*1 CO-1 CONC MG/KG-DRY 10400 0.690 4.03
COC-IMWS*2 CO-I CONC MG/KG-DRY 10200 0.7255 5.97
COC-6'L,4WS*2 CO-I CONC MG/KG-DRY 11300 0.660 2.51
COCsMws*I CO-1 CONC MG/KG-DRY 10500 0.720 2.58
COC-6NIWS*3 CO-I CONC MG/KG-DRY 19000 0.695 28.00
COC-4MWS*l CO-I CONC MG/KG-DRY 10700 0.710 4.34
COC-imws*3 CO-1 CONC MG/KG-DRY 11700 1.690 6.49
COC-2MWS*2 CONC MG/KG-DRY 11200 0.745 4.61
COC-9*20 CO-2 CONC MG/KG-DRY 17400 0.80c; 15.50
COP-4*17 CO-3 CONC MG/KG-DRY 7340 0.705 4.21
COP-4*26 CO-1 CONC MG/KG-DRY 10500 0.6040 3.79
COP-4*16 CO-1 CONC MG/KG-DRY 19700 0.685 4.03
COC-5*10 CO-2 CONC MG/KG-DRY 20500 0.715 5.34
COC-5*9 CO-2 CONC MG/KG-DRY 15000 0.645 2.86
COC-7*6 CO-2 CONC MG/KG-DRY 17300 0.680 2.62

0 .'7 1 5COP-4*25 CO-3, CONC MG/KG-DRY 13000 1 1.76
COC-4SS*l CO-3 CONC MG/KG-DRY 9650 1.800 7.87
COC-4SS*'-',' CO-3 CONC MG/KG-DRY 12600 0.735 10.70
COC-4SS*3 CO-3 CONC MG / P,'G - D R Y !,O 5 0 0 2.190 6.79
COC-4SS*9 C-0-3 CONC MG/KG-DPY 15300 0.695 3.81
COC-4SS*4. CO-I CONC MG/KG-DRY 8970 1.820 3.65
COC-4SS*_IS CO-I CONC MG/KG-DRY 9370 0.710 4.08
COC-4SS*G CO-I CONC MG/KG-DRY 14400 2.410 -1.22
COC-4SS*7 CO-I CONC MG/KG-DRY 10600 0.670 6.15
COC-4SS*8 CO-1 CCNC MG/KG-DRY 8650 1.490 7.21
COC-4SS*10 CO-I CONC MG/KG-DRY 14600 0.740 8.48
COC-4SS*11 CO-I CONC MG/KG-DRY 15800 O.750 3.65

AVERAGE 13221 0.908 5.93
MAXIMUM 28700 2.410 28-00
MINIMUT,4 7340 0.640 1.76
STD 4738 0.463 4.59



--abie i. (Cont:.)

S -M P L E 1007*SCLPS 1012*SCLPS 1027*-SCLPS 916�SCLPS 'L.034*SCLPS
3 AR I UN EERYLLIUM CADMlTjTM CI�LCITJM CHROMIUM

CO-SACK*l- IZ5.0 0.63 0.115 976 21.2
CO-EACK*2 160.0 0.61 0.105 871 12.9
CO-2ACK*3 IS1.0 O.7,7 0.115 849 29.8
CO-SACK*5 -Iio.o 0.57 0.120 850 18.7
CO-BACTK*4 102.0 0.53 0.120 1040 16.3
COC-6114ws*l 145.0 0.64 0.100 1300 20.8
coc-iMws*1 131.0 O.-O 0.105 1560 16.0
COC-2MWS*1 111.0 0.�s 0.105 1420 17.2
COC-9MWS*2 110.0 2.91 0.110 4180 30.7
CIOC-9mws*l IGO.0 0.66 0.105 1140 20.1
COC-IMWS*2 88.9 0.87 0.110 2200 17.3
COC-O'MWS*2 176.0 0.74 0.100 1360 24.5
CICC - 151"Tws * 1 147.0 0.59 0.570 13 3 0 L7.8
CIOC-�SNnqs*3 114.0 1.13 0.105 3280 28.8
COC-4MWS*l 62.9 2.52 3.900 4330 20.5
COC-1MWS*3 144.0 1.73 4.040 17900 32.8
CCC-2MITS*2 77.3 i.55 0.11S 2530 17.0
CCC-9*20 77.3 0.86 1.350 913 31.1
C02-4*17 82.1 0.50 0.110 2010 8.9
COP-4*26 61.4 0.43 0.100 2250 10.8
COP-4*16 59.2 0.51 O.iO5 1120 23.1
coc-5*10 147.0 0.66 0.370 1330 22.3
COC-5*9 124.0 0.65 0.250 1400 18.8
COC-7*6 72.5 0.64 0.105 1770 27.4
COP-4*25 84.7 0.60 0.110 i930 15.5
COC-4SS*I- 84.7 0.68 0.700 747 IG.3
COC-4SS*2 lio.o 0.81 0.750 859 2S.7
COC-4SS*3 87.3 0.54 0.1io 1080 14.2
(-72c-4ss*9 129. 0 Q.74 0 . 10 5 6 1 Ol 22.3
CO-C-4ss*a- 1-74.0 0.55 0.1-IL.0 778 17.7
COC-4SS*S 83.S 0.61 0.380 645 14.1
COC-4SS*6 113.0 0.62 0.430 1180 19.8
COC-4SS*7 103.0 0.78 0.105 919 21.0
COC-4SS*8 102.0 0.58 0.105 903 15.2
COC-4SS*10 122.0 0.82 0.115 1350 42.9
coc-4ss*Ll 116.0 0.60 0.115 1320 20.1

Average 111.3 0.93 0.432 1979 20.8
Maximum 176.0 2.9i. 4.040 17900 42.9
Minimum 59.2 0.43 0.100 645 8.9
STD 30.1 O.S3 0.895 2826 6.8
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Table 1. (Cont.)

SAMPLE 10-17*SCLPS 1042*SCLPS 1018*SCLPS 1051*-cCL2S 927kSCLPS
COBALT COPPER IRON LEAD �IAGNESIUM

Co_2AcK*1_ '11.70 19.2 23000 19.00 3180
CO-BACK*2 11.10 14.7 i3soo is.80 1520
CO-BACK*3 8.09 21.1 28000 14.40 4120
CO-BACK*-q 9.87 18.0 21500 19.70 2740
CO-2ACK*4 8.79 10.4 13800 9.51 16SO
coc - 614ws 9.20 10.9 17100 13.20 2220
Coc-iMws*1 9.01 12.9 16500 lo.-jo 2120
COC-2MWS*l 6.38 11.5 16300 12.00 2090
COC-9MWS*2 130.00 22.9 37000 32.10 3410
cOc_9M;qs*i 10.60 11.5 16500 12.50 2190
CC)C-IMWS*2 39.90 13.6 26700 19.60 1650
COC-6MWS*2 12.00 12.8 19600 12.00 2290
COC-5114ws*l 8.10 ii.9 is 10 0 10.90 2060
ccIc - 10 Mws * 3 -� .,30 21.1 23 0 0 0 19.20 4430
COC-4MWS*l 49.00 24.7 60200 11.70 3480
COC-lMWS*3 18.60 49.9 46500 21.40 6590
COC-2MWS*2 17.90 16.2 23500 15.50 2980
COC-9*20 12.70 17.2 22500 18.60 2340
COP-4*17 3.66 6.0 8410 ii.so 1130
COP-4*26 3.99 6.6 10100 7.73 1320
COP-4*16 S.02 12.0 18900 14.60 2110
coc_5*10 10.40 17.7 23200 18.00 2800
cOcS*Q_ 7.53 9.1 18300 10.50 1-950
COC-7*6 7.18 12.6 21600 15.00 1970
COP-4*25 4.76 8.0 13600 9.75 1660
COc_4ss*I 13.20 11.1 22900 13.80 1360
COC-4SS*2 10.80 13.9 27900 13.70 1730
ccc-4ss*l- 7.40 io.o 14900 11.30 1560
COIC - 4 S S i 0 . 8 0 is.8 ��300 16.20 2470
COC-4SS*4 9.3 14000 ii.0-0 1260
CCC-4SS*S 12.10 10.1 23 10 0 12.220 1330
COC-4SS*G 8.5c; 16.3 20500 15.70 2470
COC-4SS*7 17.70 13.4 27800 19.50 1610
COC-4SS*8 11.00 10.1 16700 13.60 1430
COC-4SS*10 18.60 13.2 30800 19.00 1820
C0C-4SS*II 8.16 12.4 19600 13.90 2240

Average 15.43 14.7 22248 14.89 2313
Maximum 130.00 49.9 60200 32.10 6590
Minimum 3.66 6.0 8410 7.73 1130
STD 21.24 7.4 9735 4.50 1060
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Table 1. (Cont.)

SAMPLE ',055*QCL2S -1"L9OOkSCLPS!06-/*SCLPS 93"1*SCLPS 1147*SCLPS
�ILLITGANESE MERCURY NICKEL POTASSIUM SELENIUM

C-0-2ACK*1 442 0.04700 19.60 890 0.46
CO-BACK*2 1340 0.04625 16.20 616 0.36
CO-2ACK*3 237 0.04895 23.40 1590 0.10
CO-BACK*S 396 0.04605 17.70 462 0.48
CO-BACK*4 348 0.04205 14.30 201 0.11
CoC-6M1qS*1 519 0.04980 16.80 1383 (.93
Coc-iMws*1 4-78 0.04805 17.00 466 0.30
COC-2MWS*1 313 0.04445 17.90 240 0.10
COC-9MWS*2 787 0.03135 40.20 1370 0.24
cc)C-9mws*l 411 0.03610 16.30 537 0.26
COC-IMWS*2 986 0.04340 19.00 436 0.34
COC-6MWS*2 408 0.04125 16.10 394 0.11
ccc-smws*i 610 0.03395 17.00 2S4 0.35
CCC-6MWS*3 275 0.05600 26.10 1750 0.11
CCC-4MWS*l 1620 0.05650 62.10 930 0.70
COC-IMWS*3 632 0.05350 40.40 1240 1.37
COC-2MWS*2 577 0.05500 33.20 397 0.10
COC-9*20 308 0.05200 34.80 838 1.50
COP-4*17 231 0.04525 6.51 130 0.00
COP-4*26 303 0.04590 7.58 374 0.11
COP-4*16 116 O.OS700 11.20 921 0.00
Coc-s*10 473 0.04710 18.00 1490 0.44
COC-5*9 350 0.04195 16.20 732 0.11
COC-7*G 154 0.05400 14.60 730 0.29
COP-4*25 467 0.04325 9.01 659 0.10
COC-4SS*1 837 0.03390 13.10 386 0.41
COC-4SS*2 644 0.0398S 16.50 4-79 0.451"OC 386 0.05150 12.50-4SS*3 433 0.37
ccc-4ss*9 403 0.04665 19,10 si6 O.Z1
C0C-4SS*4- 659 0.04460 11.60 436 0.45
COC-4SS*S 567 0.04580 IS.30 362 0.24
COC-4SS*G 327 0.04130 16.00 SS2 0.45
COC-4SS*7 907 0.0446S 12.20 328 O.S2
COC-4SS*8 763 0.05250 9.55 247 0.72
COC-4SS*10 956 0.0451S 16.30 676 0.27
COC-4SS*11 262 0.05000 15.70 939 0.29

Average 541 0.04617 19.14 666 0.37
Maximum 1620 0.05700 62.10 1750 1.50
Minimum 116 0.03135 6.51 130 0.00
STD 317 0.00630 10.72 402 0.33



Table

SAMPLE I 0 77 S�CLPS _029*SCLPS 1059*SCL2S 1087*SCLPS 1092*SCLPS
SILVER S 0 0 1 UM TJ 11-LPLL L I LTIM VANAD jTj-M ZINC

cO_2AcK*L 0.69 173 .0 0.37 33.2 58.1
CO-BACK+-,-) 0.51 11.0 0.22 25.1 40.4
CO-BACK*3 0.54 159.0 0.31 55.2 61.3
CO-BACK*5 0.49 166.0 0.31 29.5 55.9
CO-BACK,*4 0.45 166.0 (.06 24.3 31.5
coc -6,Lvuqs * 1 0 .5 2 119.0 0.22 32.5 31.7
CCC-JMWSkl 0 46 18G.0 0 . 3 0 28.2 37.2
coc - 2 times k 1 0 53 54.6 0.13 27.6 31.0
Ccc-9MWSI,2 0.99 192.0 0.14 49.5 48.4
coc-9mws*l 0.54 74.6 0.22 29.7 36.6
COC-IMWS*2 0.85 363.0 0.27 33.G 28.3
COC-6MWS*2 0.51 123.0 0.15 36.7 34.6
coc-SMws*1 0.60 80.0 0.11 -30.4 33.9
COC-61MWS*3 0.70 2 3 6 . 0 0.16 41 . 58.2
COC-4MWS*l 1.00 360.0 0.15 267.0
coc-Imws*3 0.93 257.0 1.36 70.8 123.0
COC-2MWS*2 0.56 405.0 0.19 26.9 46.7
COC-9*20 0.58 131.0 0.63 96.0 208.0
COP-4*17 0.26 221.0 0.1-9 17.3 56.1
COP-4*26 0.25 451.0 0.06 20.3 22.1
COP-4*16 0.64 82.9 0.18 37.3 39.8
coc-5*10 0.38 83.5 0.29 42.9 60.3
coc-5*9 0.27 66.7 0.20 34.4 33.4
COC-7*6 0.50 168.0 0.46 46.4 44.9
COP-4*25 0.31 224.0 O.314 26.9 39.5
coc-4ss*l 0.29 36.2 0.14 23.4 54.1
COC-4SS*2 0.25 34.2 0.15 36.4 54.0
COC-4SS*3 0.11 48.3 0.19 '44.1 33.0
cOc-4SS*_Q 0 . 72 44.1 0.20 3S.- 45.G
COC-4SS*4 0 . 2 5 98.7 0. 24 23.4 37.9
COC-4SS*5 0.38 26.8 0.14 26.8 57.2
COC-4SS*6 0.25 24.9 0.36 34.9 4G.4
COC-4SS*7 0.39 34.4 0.19 38.8 35.8
cOc-4SS*8 0 . 2 6 68.8 0.22 �26.4 25.3
COC-4SS*10 0.80 103.0 0.22 46.1 34.4
COC-4SS*11 0.48 74.0 0.06 3 5 . '2. 44.6

Average 0.51 143.0 0 . 25 35.7 55.5
Maximum 1.00 451.0 1.36 96.0 267.0
minimum 0.11 11.0 0.06 17.3 22.1
STD 0.22 111.0 0.22 14.4 47.8
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Table 2. Geochemical ana!,Ztical me�:al concentrations for selectt_-d
soil samples, Crab Orchard, illincis.

SAMPLE TYPEE iD COLL.DATE COILL.TIME PARLIST
COC-9*20 SOIL TPC0C9-3-4-6 08/23/91 08:48 CO-2
COP-4*17 SOIL TPCOP4-3-8-10 08/28/91 10:22 CO-3
COP-4*26 SOIL TPCOP4-2-4-10- 08/217/91 1S:15 CO-1
COP-4*16 SOIL TPC024-7-0-2 09/04/91 10:40 CO-1
COC-5*10 SOIL TPC(DC_5 - I - 4 - 6 08/22/91 09:22 CO-2
CCC-5*9 SOIL TPCC)CS-2-4-6 08/22/91 10:58 CO-2
COC-7*6 SOIL TPCOC7-2-4-6 08/26/91 16:32 CO-12"

COP-4*25 SOIL TPCOP4-5-6-8 09/03/91 14:40 CO-3
CO-BACK*1 BCKGND SSBG-1-3-5 10/03/91 08:45 CO-9
CO-BACK*2 BCKGND SSEG-2-0-2 10/03/91 10:00 CO-9
CO-BACK*3 BCKGND SSEG-2-3-5 10/03/91 10:13 CO-9
CO-BACK*5 3CKGND SSEG-3-3-5 10/03/91 08:45 CO-9
CO-BACK*4 BCKGND SSEG-2-7-10 10/03/91 10:50 CO-2
COC-4SS*1 SS-4 SSCC)CA__1 09/03/91 09:35 CO-3
COC-4SS*2 SS-4 SSCOC4-2 09/08/91 09:35 CO-3
COC-4SS*3 SS-4 SSCOC4-3 09/08/91 10:15 CO-3
COC-4SS*9 SS-4 SSCOC4-9 09/11/91 09:25 CO-3
COC-4SS*4 SS-4 SSCOC4-4 09/08/91 10:45 CO-1
COC-4SS*5 SS-4 SSCOC4-5 09/08/91 12:10 CO-1
COC-4SS*G SS-4 SSCOC4-6 09/08/91 12:45 CO-1
COC-4SS*7 SS-4 SSCOC4-7 09/08/91 _73:40 CO-1
COC-4SS*S SS-4 SSCOC4-8 09/08/91 14:20 CO-1
COC-4SS*10 SS-4 SSCOC4-10 09/11/91 09:55 CO-1
C0C-4SS*11 SS-4 SSCOC4-11 09/11/91 10:25 CO-1

3CKGND = background samples.
TP = test pit sample.
SSPG = surface soill background sample.
SS = surface soil sample.
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Table 2. (Cont.)

SPJ,1PLE STOR*mETH 1105*SCLPS 1097*SCLPS 100-.2*SC'1JS 1007*SCLPS
ALIPMINUM ANT I MONY ARSENIC BARIU11-17400 0.805 15.50

=c - 9 *2 0 CONC MG/KG CRY 1 77.3
COP-4*17 CONC MG/KG DRY 7340 0.705 4.21 82.1
COP-4*26 CONC MG /KG DRY IL 0 5 0 0 0.640 3.79 E5 1. 11
COP-4*16 CONC MG/KG DRY 19 70 0 0.685 4.03 59.2
ccc-5*10 CONC MG / KG DRY 2 0 5 0 0 O.7is 5.34 147.0
coc-5*9 CONC MG/KG DRY 15000 0.645 2.86 124.0
CCC-7*6 CONC MG/KG CRY 17300 0 . 6 8 0 2.62 72.5
COP-4*25 CCNC MG/KG DRY 13000 0.715 1.76 84.7
CO-BACK*I- CONC MG/KG DRY 14900 0.735 8.02 125.0
CO-BACK*2 CONC MG/KG DRY 9690 0.695 2.99 1GO.0
CC-BACY,*3 CONC MG/KG DRY 28700 0.740 6.18 151.0
CO-BACK*5 CONC MG I/ KG DRY 1-2300 0.1175 8.02 110.0
CO-BACK*4 CONC MG/KG DRY 9400 0.470 2.75 102.0
COC-4SS*l CONC MG/KG DRY 9650 1.800 7.87 34.7
COC-4SS*2 CONC MG/KG DRY 12600 0.735 10.70 '110.0
CC)C-4S--)*3 CONC MG/KG DRY 10500 .190 6.�9 87.2
COC-4SS*Q- CONC MG/KG DRY 15300 0.695 3.81 129.0
COC-4SS*4 CONC MG/KG DRY 8970 1.830 3.65 134.0
COC-4SS*5 CONC MG/KG DRY 9370 0.710 4.08 83.5
COC-4SS*G CONC MG/KG DRY 14400 2.410 7 . 2 2 113.0
COC-4SS*7 CONC MG/KG DRY 10600 0.670 6.15 103.0
COC-4SS*8 CONC MG/KG DRY 8 6 5 0 1.490 7.4 102.0
COC-4SS*10 CONC MG/KG DRY 14 60 0 0.740 8.48 122.0
CCC-4SS*ll CONC MG /KG DRY iss 0 0 0.750 3.65 116.0

AVERAGE 13S90 0.972 5.74 10S.9
MAX I MUM 28 70 0 '.2 . 4 1 0 is.50 160.0
MINIMUM 73 4 0 0.640 1.7') S9.2
STID 4729 0 . 5 2 1 3.05 27.0



Tabie z.

'-,012",SCLPS 10'27l*SCLPS 916*SCL2S 1-034kSCLPS 1037*SCLPS
3ERYLLIUM CADMITJM CALCIUM CHRcMiTJm COBALT

0.96 1.350 913 31.1 12.70
(.50 0.110 2010 8.9 3.66

COP-4*2G 0.43 0.100 2250 10.9 3.99
COP-4*IG 0.51 O.iO5 1120 23.1 5.02
-_-cc - 5 * I ID 0 . 6 6 0 . 3 70 1330 22.3 10.40
coc-5*19 0.65 0.250 1400 13.8 7.58
COC-7*6 0.64 0.105 1770 27.4 7.18
COP-4*25 0.60 0.110 1930 15.5 4.76
CO-BACK*l 0.63 0.115 976 21.2 11.70
CO-2ACK*2 0.61 0.105 871 12.9 ii.io
CO-2ACK*3 0.77 0.115 849 29.3 8.09
CO-SACK*5 0.57 0.120 850 18.7 9.87
C 3 - 3 A CK *4 0.53 0.1140 1040 1 6 . 33 8.79
CCC-4SS*l 0.68 0.700 747 16.3 13.21N
COC-4SS*2 0.81 0.750 859 25.7 10.80
COC-4SS*3 0.54 0.110 1080 14.2 7.40
COC-4SS*9 0.74 0.105 i6lo 22.3 10.80
COC-4SS*4 0.55 O.ilo 778 17.7 8.71
COC-4SS*5 0.61 0.380 645 14.1 12.10
COC-4SS*G 0.62 0.430 1180 19.8 8.55
COC-4SS*7 0.78 0.105 919 21.0 17.70
COC-4SS*g 0.58 0.105 903 IS.2 11.00
COC-4SS*10 0.82 0.115 1350 42.9 18.GO
COC-4SS*I-l 0.60 0.115 1320 20.1 8.16

Averaae 0.64 0.254 1196 20.3 9.66
Max i mum (D.86 1.350 2250 42.9 18.60
Minimum 0.43 0.100 645 8.,a I-�.66
STD 0.1i 1277 7.2 3.65



Table 2. Cont.)

S;�LMPLE 1042kSCLPS 1018*SCLPS !05!*SCLPS 921+SCLPS 1055*SCLPS
COPPER IRON LEAD MAGNES IU�,! MANGANESE

COC-9*20 1-17.2 22500 18.60 2340 308
COP-4*17 6.0 8410 11.50 1130 231
COP-4*26 6.6 10100 7.73 1320 303
COP-4*16 12.0 18900 14.60 2110 11G
COC-5*10 17.7 23200 18.00 2800 473
COC-5*9 9.1 -1-8300 lo.so 1950 350
COC-7*6 12.6 21600 15.00 1970 154
CCP-4*2.5 8.0 13600 9.75 1660 467
CO-BACK*l 19.2 23000 18.00 3180 442
CO-BACK*2 14.7 1-3500 18.80 1S20 1340
CO-BACK*3 21.1 28000 14.40 4120 237
CO-BACK*S 18.0 21500 18.70 2740 396
CO-SACK*4 10.4 13800 9.53 i6so 348
COC-4SS*1 11.1 2.12900 13.80 1360 837
COC-4SS*2 13.9 27900 13.70 1730 644
COC-4SS*3 10.0 14900 11.30 1560 386
COC-4SS*9 15.8 23300 16.20 2470 403
COC-4SS*4 9.3 14000 11.60 12GO 659
COC-4SS*5 10.1 23100 12.20 1330 567
COC-4SS*6 16.3 20500 15.70 2470 327
COC-4SS*7 13.4 27800 19.50 IGIO 907
COC-4SS*8 10.1 IG700 13.60 1430 763
COC-4SS*-10 13.2 30800 19.00 1-820 956
COC-4SS*ll 12.4 19600 13.90 2240 262

Average 12.8 19913 14.40 1990 495
Maximum 21.1 30800 19.50 4120 1340
Minimum 6.0 8410 7.73 1130 116
STD 3 . 9 5753 3 . 3 s-S 694 121 8 6
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Table 2. (Cont.'.�

SA.MPLE 71900 kSC1JPS1(67f*SC7"PS 937*SCLPS 11,17*SCLPS 1077*SCLPS
MERCURY NICKEL POTASSIUM SELENIUM SILVER

COC-9*20 0.05,200 34.80 838 1.50 0.58
COP-4*17 0.04525 6.51 130 0.00 0.26
COP-4*26 0.04590 7.58 374 0.11 0.25
COP-4*16 0.05700 11.210 921 0.00 0.64
COC-5*10 0.047110 L8.00 1490 0.44 0.38
COC-5*9 0.04195 16.20 732 0.11 0.27
COC-7*6 0.05400 14.60 730 0.50
COP-4*25 0.04325 9.01 659 0.10 0.31
CO-BACK*1 0.04700 19.60 890 0.46 0.69
CO-BACK*2 0.04625 1G.20 616 0.36 0.51
CO-BACK*3 0.04895 23.40 1590 0.10 0.54
CO-BACK*5 0.0460S 17.70 462 0.48 0.49
CO-PACX*A- 0.04205 14.30 201 0.11 0.45
COC-4SS*l 0.03390 13.10 386 0.41 0.29
COC-4SS*2 0.03985 16.50 479 0.45 0.25
COC-4SS*3 0.05150 12.50 433 0.37 0.11
COC-4SS*9 0.04665 19.10 816 0.21 0.72
COC-4SS*4- 0.04460 11.60 436 0.45 0.25
COC-4SS*5 0.04580 15.30 362 0.24 0.38
COC-4SS*6 0.04130 16.00 852 0.45 0.25
COC-4SS*7 0.04465 12.20 328 0.52 0.39
COC-4SS*8 0.05250 9.S5 247 0.72 0.26
COC-4SS*10 0.04515 16.30 676 0.27 0.80

0COC-4SS*11 0.05000 15.70 939 0.48

Average 0.04636 15.29 649 0.35 0.42
Maximum 0.05700 34.80 1590 1.50 0.80
Minimum 0 . 03 3 9 0 6.51 1 3 0 0 . 0 0 O . 11
STD 0.00487 5.63 3 5 6 0 . 3 0 I 9
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abie 2. (Cont.)

SATIPLE 329*SCLPS 1059*SCLPS 1087*SCLPS 1092*SCLPS
SGIDIUIM THALLIUM VAINAD I UM ZINC

coc-9*no 0131.0 63 96.0 208.o
COP-4*17 221.0 0.19 1'7 .3 56.1
COP-4*26 4-51.0 0.06 20.8 22.1
COP-4*16 82.9 0.18 3 7 .3 39.8
COC-5*1-0 83.5 0.19 42.9 60 . 3COC-5*9 66.7 0.20 34.4 33.4
COC-7*6 168.0 0.46 46.4 44.9
COP-4*25 224.0 0.34 26.9 39.5
CO-BACK*l 173.0 0.37 33.2 58.1
CO-BACK*2 11.0 0.22 25.1 40.4
CO-BACK*3 159.0 0.31 55.2 61.3
CO-BACK*5 166.0 0.31 29.5 55.9
CO-BACK*d- 166.0 0.06 24.3 31.5
COC-4SS*l 36.21 0.14 28.4 54.1
COC-4SS*2 34.2 0.15 36.4 54.0
COC-4SS*3 48.3 0.19 24.1 33.0
COC-4SS*9 44.1 0.20 38.7 45.6
COC-4SS*4 98.7 0.24 23.4 37.9
COC-4SS*5 26.8 0.14 26.8 57.2
COC-4SS*6 24.9 0.36 34.9 46.4
COC-4SS*7 34.4 0.19 38.8 35.8
COC-4SS*8 68.9 0.22 26.4 25.8
COC-4SS*10 103.0 0.22 46.1 34.4
COC-4SS*ll 74.0 0.06 35.2 44.6

Average 112.4 0.24 35.4 50.8
Maximum 451.0 0.63 96.0 208.0
Minimum 1-1.0 0.06 17.3 22.I
STD 94 .3 0.13 15.5
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Table 3. Geochemical analytical metal concentrations for selected
loess samnles, Crab orc.hard, Illinois

SAMPLE ID DATE TIME PAR

COC - 6MWS * I MWS-COC6-'-')-5-7 091,30/91 12:15 C10-1
COC-IMWS*1 MWSCOCI-1-5-7 0 9 /25 / 9 1 07:55 CO-1
C'O C - 2 MWS * IMWS-COC2-1-5-7
COC-9KWS*2 14WS-COC9-2-12-14 0 9, /25/91 0 9 - 4 5 CO-1
COC-9MWS*l MWS-COC9-2-5-7 09/25/91 08:50 CO-1
COC-IMWS*?- MWSCOCl-1-12-14 0 9/2 5 191 08:25 CO-1
-"OC-6MWS*2 MWS-COCG-2-5-7 0 9 / 3 0 / 9 1 12:15 CO-1
COC-5MWS*l MWSCOC5-1-5-7 09/30/91 12:25 CO-1

MWS= monitoring well sample

Table 3. (Cont.)

SAIvIPLE STOR*METH 1105*SCLPS 1097*SCLPS 1002*SCLPS
PARAMETER ALUMINUM ANTIMONY ARSENIC

COC-6MWS*1 CONC MG/KG DRY 11300 0.665 3.21
COC-IMWS*l CONC MG/KG DRY 8740 0.670 5.68
COC-2MWS*1- CONC MG/KG DRY 9140 0 . 6 9 0 3.16
COC-9MWS*2 CONC 114G/'KG DRY 25600 0.705 5.10
COC-9mWS*1 CONC MG/KG DRY 10400 0.690 4.03
COC-IMWS*2 CONC MG/KG DRY 10200 O.7125 5.97
COC-6MWS*2 CONC MG/KG DRY 11300 0.660 2.51
COC-SMWS*1 CONC MG/KG DRY i0500 0.720 2.58

Average 12148 0.691 4.03
Maximum 25600 0.725 5.97
Minimum 9740 0.660 2.51
STD 5155 0.023 1.30
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able 3. (C-3nt.)

S;V4PLE '-007*SCLPS !012*SCL2S !027*SCLPS 916*SCLPS
3ARIUM SERYLLIUM CADMIUM CALCIUM

C10C - G Jews 1 14 5 . 0 0 . 054 0 . I 0 0 1300
CoC-1MwS*1 131.0 O.-70 0.105 1560
CC)C-2MWS*l 111.0 0.55 0.105 1420
COC-9MWS*2 1-1-0.0 2.91 0.110 4180
COIC - 9 MWS * 1 160.0 0.66 0.105 1140
COC-IM;qS*2 88.9 0.87 0.110 2200
C0C-6Wt1S*2 176.0 0.74 0.100 1360
coc - 5,1qwS * 1 147.0 0.59 0.570 1330

Average 133.6 0.96 0.163 1811
Maximum 1776.0 2.91 0.570 4180
Minimum 88.9 0.55 0.100 1140
STI) 217.1 O.74 0.154 1-144

Table 3. (Cont.)

SAMPLE 1034*SCLPS 1037*SCLPS 1042*SCLPS 10!8*SCLPS
CHRcMIU1M COBALT COPPER IRON

COC-GMWS*1 20.8 9.20 10.9 17100
cOC-1Mws*1 16.0 9.01 12.9 16500
COC-2MWS*1- 17.2 6.38 11.5 16300
COC-9-MWS*2 30.7 130.00 22.9 37000
ccC-9MWS*1- 20.1 10 . 6 0 11.5 1 6 5 0 0
COC-iNTWS*2 17.3 39.90 1 to '46700
COC - I-) MLWS * 2 -�A.5 12.00 12.8 '9600

C - 5 MrK S + 17.8 3.10 11.9 15100

Average 20.6 28.15 13.5 20600
Maximum 30.7 130.00 22.9 37000
minimum 16.0 6.38 10.1a 15100
STD 4.6 39.81 3.6 7087



a b.1 e "cont.)

2 L FE /1900*SCLPS'("ISCLPS 927*Q,-LPS 1055*SCTE)S
LEAD MAGNESIUM MA.LNGz%1,TES=1 MERCURY

C3C-GMwS*i 13.20 2220 519 0.04980
ccc-iMWS*1 10.30 2120 478 0.0480S

12.00 2090 313 0.04445
C cc - 9 MTAIS *21 31 21 . 1 0 3 4 1 0 '1787 0 . 03 13 5
coc-19MWS*1 12-50 2190 411 0.03610
COC-IMWS*2 19.60 1G50 986 0.04340
C,!DC-6MWS*-') 12.00 2290 408 0.04125
CcC-5MwS*1- 10.90 2060 610 0.03395

Average 1-5.33 2254 564 0.04104
Maximum 32.10 3410 986 0.04980
Minimum 10.30 i6so 11-) 0.03135
STD 6.38 473 209 0.00624

Table 3. (Cont.)

SAMPLE 1067*SCLPS 937*SCLPS 1147*SCLPS 1077*SCLPS
NICKEL POTASSIUM SELENIUM SILVER

COC-6,MWS*1 16.80 383 0.93 0.52
COC-IMwS*1 1-7.00 466 0.30 0.46
COC-2MWS*1 17.90 240 0.10 O.S3
COC-9MWS*2 40.20 137,,Q 0.24 0.99
ccc-9mws*l 1-6.30 537 0.26 0.554
COC-IMWS*2 19.00 4-36 0.34 0.35
co C - 6 MWS * 2 3 94 O.ii 0.5i
Co c -5Z LAWS * 1 17 . 0 0 254 0.35 0.60

zkveracTe 20.04 510 0 . 3 3 0.63
maximum 40.20 1370 0.93 0.99
Minimum 16.10 240 0.10 0.46.
STD 7.67 338 0.24 0.18



Table �Conc.) 33

SAMPLE 929*SCLPS 1059*SCLPS 1087*-QCLZ-S 1092*SCL2S--------� �
SCIDIUM T.1-IAL L I UM VANAD I 124 Z I IITC

COC-6MWS*1 119.0 0.22 32.5 31.-
ccc-iM;qs*I 186.0 0.30 28.2 37.-
COC-2MWS*l S4.6 0.13 27.6 31.0
COC-9MWS*2 192.0 0.14 4-9.5 48.4
'-"'OC-9mws*l 74.6 0.22 29.7 36.6
COC-lMWS*2 363.0 0.27 33.6 28.3
COC-GMWS*2 123.0 0.15 36.7 34.6
coc-smws*i 80.0 0.11 30.4 33.9

Average 149.0 0.19 33.5 35.2
Maximum 363.0 0.30 49.5 4-8.4
Minimum 54.6 0.11 27.6 28.3
STD 1-:13.4 0.07 6.7 5.7
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'Table 4. Geocl-.emical analytical material concentrations for till
samples, "-rab Orch.ard, Illinois.

SAMPLE H) COLL.DATE COLL.TIME PARLIST

CCC-GMWS*-,- MWS-COCG-2-12-14 09/30/91 15:30 CO-1
COC-4MWS*l- MWSCOC4-1-5-71 09/23/91 12:54 co-,
COC-ir-TWS*3 MWSC-CCI - I - 19 - 21 09/25/91 0 9 : 3 8 CO-i
COC-ZMWS*2 MWS-COC2-1-12-14 10/01/91 16:00

MWS = monitoring well sample.

Table 4. (Cont.)

SAMPLE STOR*METH 1105*SCLPS 1097*SCLPS 1002*SCLPS
PAP-MMETER NAME ALUMINUM ANTIMONY ARSENIC

COC-6MWS*3 CONC MG/KG DRY 19000 0.695 28-00
COC-4MWS*l CONC MG/KG DRY lo-100 0.710 4.34
COC-IMWS*3 CONC MG1KG DRY 11700 1.690 6.49
COC-2MWS*2 CONC MGIKG DRY 11200 0.745 4.61

Average 11174 3.128 14.83
Maximum 19000 ii.800 30.70
Minimum 10700 0.695 4.34
STD 3396 0.422 9.93

Table 4. (Cont.)

SAMPLE 1012*SCLPS 1027*SCLPS 916*SCLPS 1034*SCLPS 1007*SCLPS
3ERYLLIUM CADMIUM CALCIUM CHROMIM,1 BARIU14

COC-6MWS*3 1.13 0.105 3 28 0 28.8 114.0
COC-4MWS*l 2.52 3 . 9 0 0 4330 20.S 62.9
COC-lMWS*3 1.73 4.040 17900 32.8 144.0
COC-2MWS*2 1.55 0.115 2 53 0 17.0 77.3

Average 1.41 4.1'12 6106 28.6 103.8
Maximum 2.52 12.400 17900 43.7 144.0
Minimum 1.13 0.105 2530 17.0 62.9
STD 0.50 1.931 6320 6.3 31.7
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Table 4. (C c r,

PLE ---2"*SCLPS 1037*SCLPS

AM 104'/-'*SCLPS 1019*SCL2S 1051*SCLPS
COPPER !RON LEAD MAGNESIUM C02ALT

COC - 6 mills *31 2II . I 28000 i9.20 4430 12.80
C-OC-4MWS*l 24.7 60200 I 1.710 3480 49.00
CCDC-IMWS*3 49.9 46500 2 1 . 4 0 6 5 9 0 18.60
COC-2MqS*2 16.2 2 3 5 0 0 15.50 2980 17.90

A.Verage 3 9 . 0 41280 1 8 . 04 3554 20.S2
maximum 83.1 60200 22.40 01590 49.00
Minimum 16.2 23500 11.70 2980 12.80
STID 13.0 14712 3 . 6 9 1383 14.28

Table 4. (Cont.)

SAMPLE 71900*SCLPS 1067*SCLPS 937*SCLPS 1147*SCLPS 1055*SCLPS
MERCURY NICKEL POTASSIUM SELENIUM MANGANESE

COC-6MWS*3 0.05600 26.10 1750 0.11 275
COC-4MWS*l 0.05650 62.10 930 0.70 1620
COC-IMwS*3 0.05350 40.40 1240 1.37 632
COC-2MWS*2 0.05soo 33.20 397 0.10 577

Average 0.08440 43.76 1555 21.26 625
maximum 0 . 2 0 10 0 62.10 3460 104.00 1620
minimum 0.05350 26.10 397 (.io 275
STD 0.00115 13.48 4.9 1 0.52 5 0 6

Table 4. (Cont.)

SAMPLE 1059*SCLPS 1087*SCLPS !092*SCLPS
THALLIUM IVANAD I UM ZINC

COC-6MWS+3 0.16 41.7 58.2
COC-4MWS*-1 0.15 30.8 267.0
cOc-1MwS*3 i.36 70.8 123.0
COC-2MWS*2 0.19 26.9 46.7

Average 2.31 122.2 124.4
maximum 9.71 441.0 267.0
Minimum 0.15 26.9 46.7
STD 0.52 17.2 87.7
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APPENDIX C

PRELIMINARY RISK-BASED SCREENING SAMPLE CALCULATIONS

This appendix presents the exposure assumptions and equations used to generate the
preliminary risk-based screening tables for preliminary levels of concern. The preliminary, risk-based
screening tables are presented in Section 5.0. Preliminary risk-based screening is conducted by
medium for all contaminants exceeding background, as described in Section 5.0.

C-1.0 PRELIMINARY RISK-BASED SCREENING

All preliminary risk-based benchmark screening concentrations are calculated using residential
exposure assumptions consistent with RAGS: Part B (EPA 1991). The calculation of the preliminary
risk-based benchmark concentrations considers both noncarcinogenic effects (i.e., systemic toxicity)
and carcinogenic effects. Risk-based benchmark concentrations are calculated for concentrations that
would be equivalent to exposures at a hazard quotient (HQ) of 0.3 for contaminants with
noncarcinogenic effects. A lifetime incremental cancer risk (ICR) of 1E-06 is used for contaminants
with carcinogenic effects. Screenings are performed for the ingestion, and volatile organic inhalation
pathways.

For carcinogenic contaminants, the general equation to calculate ingestion or inhalation risk-
based concentrations is:

TR x BW x AT x CF
C - C-1

SF x IR x EF x ED

where:

C risk-based benchmark concentration on the medium (mg/kg, mg(L, or mg/m3
for soil, waterf or air, respectively)

TR target excess individual lifetime cancer risk (1.E-06)
BW body weight (kg)
AT averaging time (365 d/yr x 70 yr)
SF contaminant-specific slope factor (mg/kg-d)-l
IR intake rate (mg/d, Ud, or m3/d for soil, water, or air, respectively)
EF exposure frequency (d/yr)
ED exposure duration (yr)
CF conversion factor (as appropriate)
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For noncarcinogenic effects, the general equation to calculate risk based screening is:

C THQ x RfD, x BW x AT x CF C-2

IR x, EF x ED

where:

C risk-based benchmark concentration (mg/kg, mgiL, or rng/m3 for soil, water, or
air, respectively)

THQ target hazard quotient (0.3)
RfD contaminant-specific chronic reference dose (mg/kg-d)
BW body weight (kg)
AT averaging time (365 d/yr x ED in yr)
IR intake rate (mg/d, L/cl, or m3/d for soil, water, or air, respectively)
EF exposure frequency (d/yr)
ED exposure duration (yr)
CF conversion factor (as appropriate)

Risk-based benchmark concentrations are derived using residential exposure assumptions.
These assumptions are listed in Table C-1.

C-1.1 SCREENING CALCULATIONS

The following equations provide the screening equations utilized for the evaluation of the soil
and the inhalation of volatile contaminants from soil and soil gas exposure routes and reduce the
standard default factors to a single factor.
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C-1.2 SOIL INGESTION

Carcinogenic

C TR x AT x CF

SF x IR x EF x ED 4- IR x EF x ED

BW ild BW dult

C (mg/kg) - (lE-06)(365 d/yr x 70 yr)(lE46 mg/kg)

SF (mg/kg-d)-' (200 mg/d)(350 d/yr)(6 yr) + (1.00 mg/d)(350 d/yr)(24 yr)

15 kg ild 70- -K9 dult

C (mg/kg) - 0.64 d
SF (mg/kg-d)-l C-3

Noncarcinogenic

C THQ x RfD x BW x AT x CF
IR x EF xED

C (mg/kg) - (0-3)(RfD mg(kg-d)(365 d/yr x 30 yr)(lE+06 m&,kg)

(200 mg/d x 6 yr) [(100 mg/d x 24 yr) C4
350 d/yr x 115 k-g 70 kg

I )Child dult

C (mg/kg) - RfD (mg/kg-d) x 8.2E+04 d
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C-1.3 INHALATION OF VOLATILE ORGANIC CONTAMINANTS FROM SOIL GAS

Carcinozenic

C TR x BW x AT
SF x IR x EF x ED

C (mg/rn) (lE-06)(70 kg)(365 d/yr x 70 yr) C-12

SF(rn&/kg-d)-'(20 m3/d)(350 d/yr)(30 yr)

M)C (Mg/M) _ (8.5E4)6 kg-d/
SF(mekg-d)-1

Noncarcinoggaig

C THQ x RfD x BW x AT

IR x EF x ED

C (Mg/m 3) - (0.3)(70 kg)(365 d/yr)(30 yr)(RfD mg/kg-d) C-13

(20 m3/d)(350 d/yr)(
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